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Foreword 
The International Laboratory for Research on Animal Diseases (ILRAD) was established by the
Consultative Group on International Agricultural Research (CGIAR) in 1973 with a mandate to
conduct intensive research leading to improved control of livestock diseases. The Laboratory
concentrates on immunological and related aspects of the diseases theileriosis and
trypanosomiasis, which seriously limit food production and rural development throughout the
tropics, particularly in Africa. Major research programs on tsetse-transmitted trypanosomiasis
and East Coast fever, a virulent form of theileriosis, are supported by programs that are
assessing the socioeconomic and environmental impacts of improved livestock disease control
and by cooperative research studies, training and dissemination of research results.
ILRAD occupies a modern complex of research laboratories and supporting units at Kabete,
on the outskirts of Nairobi, and has a cattle-breeding ranch on the Kapiti Plains, about 70
kilometres from Nairobi. A new laboratory unit constructed with special funding from the
government of Switzerland was commissioned in mid-year. The unit now houses staff
members of ILRAD's epidemiology and socioeconomics program and brings them together
with ILRAD's laboratory scientists, with Nairobi-based scientists of the International Livestock
Centre for Africa (ILCA, Addis Ababa) and with scientists working in national programs on the
productivity and better use of trypanotolerant livestock.
The Laboratory is governed by an international Board of Directors with 12 members. During
1990, Professor I. Månsson (Sweden) continued as Chairman of the Board and Dr. J.P.O.
Wamukoya, Director of Veterinary Services (Kenya), was elected to the Board as a host
country representative on the retirement of Dr. A.R. Njogu. At the end of 1990, ILRAD staff in
post included 52 senior scientific and administrative personnel, 10 long-term visiting scientists,
24 specialized technicians, 58 technical support staff and 288 general support staff members.
While the numbers of senior scientific and administrative personnel were the same at the end
of 1989 and 1990, there was substantial turnover in these positions during the year, with 9
departures and an equal number of new arrivals. Five approved senior core positions are
expected to remain unfilled in 1991 due to funding uncertainty.
Among staff members who excelled in 1990, we congratulate Dr. Hiroyuki Hirumi and Mrs.
Kazu Hirumi on being awarded the Ohyama Medical Research Prize for the development of
culture systems for growing trypanosomes; Dr. Ivan Morrison, a former staff member, who
received the first Pfizer Buiatries Award for advancing knowledge of the origin and treatment
of bovine disease; and Dr. Ronald Kaminsky, who shared a European Prize for work resulting
in the substitution of the use of experimental animals by culture systems.
We note with deep regret the deaths of Professor Sir Alexander Robertson, a former Member
and Chairman of ILRAD's Board of Directors, on 5 September; of Mr. L.J. Howard, Manager of
ILRAD's Kapiti Plains Estate Ltd., on 9 August; and of Mr. G. Muli, a long-serving technician in
ILRAD's Small Animal Unit, on 20 December.
ILRAD's research programs are managed by a Director of Research with the assistance of
Coordinators of the theileriosis and trypanosomiasis research programs; these three scientists
together comprise a Research Review Committee, which interacts regularly with project area
leaders and other members of the scientific staff. As an ongoing program management
activity, two elements of ILRAD's research program were subjected to external peer review
during 1990: research on Theileria parva sporozoite and schizont forms to identify parasite
molecules for use in potential vaccines and research on socioeconomic aspects of the impact
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of improved livestock disease control. These reviews resulted in adjustments to program
organization and objectives and were a major help in maintaining the focus of the Laboratory's
work.
ILRAD also contributed to an ongoing inter-development agency review of animal agriculture
in a global development context, which is scheduled for completion in 1991. The report to be
published from this study will help ILRAD personnel draw up plans as they review activities for
the next quinquennial planning period, beginning in 1993.
The results obtained in ILRAD's research programs are published widely in the international
scientific press. In addition, information about the Laboratory's progress is made available in
several ILRAD publications. Early each year the Laboratory publishes in English and French a
Highlights broadsheet for quick reference by administrators and scientists. A quarterly
scientific newsletter, ILRAD Reports, is also published in English and French to keep scientists
of national programs and international institutes abreast of progress made at the Laboratory in
selected research areas. Since 1987, an Annual Scientific Report has also been published;
comprising summaries of ongoing research projects under the names of individual scientists,
this report facilitates cooperative research activities with other laboratories. Finally, English
and French editions of this Annual Report give comprehensive information about the
Laboratory and its work that is of interest to the general reader as well as to policymakers and
representatives of donor organizations.
There can be no doubt about the continuing importance of tsetse-transmitted trypanosomiasis
and tick-borne diseases, including theileriosis, as major limiting factors in the proper and
effective integration of livestock in production systems for sustainable agricultural
development. Efforts to control these diseases continue to cost large sums of money annually
in the face of continuing reports of an expansion of the distribution of tsetse flies and
trypanosomiasis, outbreaks of non-tsetse-transmitted trypanosomiasis, development of drug-
resistant parasites, the ineffectiveness of dipping regimes to control ticks, and associated
livestock productivity losses and deaths.
Domestic livestock are a particularly important resource in the development of sustainable
agricultural production systems on small-scale farms in developing countries. To help realize
the full potential of livestock, ILRAD's research programs aim to develop improved disease
control methods based on prophylactic vaccination. This approach to maximizing livestock
productivity is demonstrably safe, cost effective, reliable, environmentally sound and
sustainable over the long term.
Results of this year's research work in the theileriosis program are providing new technologies
that can be used to detect and identify with increasing accuracy Theileria parasites in infected
animals. Genetic recombination was demonstrated to occur in forms of Theileria parva that are
present in the vector tick. The effectiveness of a new vaccine based on an isolated parasite
antigen was tested and other potentially protective antigens were examined. The mechanisms
involved in immune responses of cattle to infection with T. parva were further elucidated.
Research was begun to develop the technology necessary for delivering isolated parasite
antigens in vaccines that will generate effective immune responses.
In ILRAD's trypanosomiasis research program, systems were developed and refined for
growing trypanosome parasites in laboratory cultures under increasingly defined conditions,
more accurate assays were developed for diagnosing trypanosome infection, and methods
were improved for detecting and measuring levels of drug resistance in different populations of
trypanosomes. Progress was also made in quantifying factors that contribute to livestock
resistance to the harmful effects of trypanosomiasis, known as trypanotolerance, and factors
that may contribute to the debilitating anaemia that characterizes the disease. Results of other
work increased our understanding of the biology and development of trypanosomes and of the
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immune responses of animals to infection. ILRAD staff in 1990 also began an ambitious
project to identify and locate the genes responsible for the trypanotolerance trait in cattle; this
work will contribute to a global undertaking to map the entire bovine genome. These activities
are helping to form a comprehensive understanding of trypanosomiasis and to develop
improved methods for its control.
Three years ago, ILRAD established a socioeconomics program to determine ways to
increase livestock productivity that will not harm natural environments or regional economies
of Africa. This program has three main objectives: to identify the epidemiological,
socioeconomic and environmental constraints to effective immunological control—particularly
of tick-borne diseases—under diverse circumstances; to predict the likely epidemiological,
economic and environmental outcomes of improving control of diseases in given areas; and to
suggest control strategies and alternatives appropriate to the needs of particular groups of
livestock farmers and individual governments. Sophisticated computer technology and a wide
range of linkages with institutions in Africa and in industrialized countries are being developed
to facilitate this work.
The Department of Cooperative Programs, Training and Information continued to make
collaborative arrangements that will help ILRAD to meet the CGIAR objectives of
strengthening the capacities national organizations and scientists in developing countries to
conduct in-country, research on agricultural problems of national and, where appropriate,
international importance. To achieve these objectives, ILRAD scientists regularly consult with
staff members of national programs, advise national planning reviews, undertake cooperative
research projects with scientists from national agricultural research organizations, collaborate
in research with Visiting Scientists from developing countries who are invited to work at ILRAD
for periods of up to two years, supervise the studies of research fellows working at ILRAD
towards masters' and doctoral degrees, give seminars to groups of trainees in regular ILRAD
training courses, and provide individual hands-on training in advanced laboratory techniques
to technicians from other research laboratories and disease control centres.
To give young scientists from industrialized, donor nations professional experience so that
they may play a role in technical assistance and development activities in future years, ILRAD
provided training attachments in 1990 for short periods for individuals from Belgium, Canada,
France, Italy, Japan, the Netherlands, the United Kingdom and the United States of America.
In 1990, ILRAD held a consultation with representatives of 16 African countries severely
affected by the trypanosomiasis problem and with 8 international and regional organizations.
The participants identified epidemiology, chemotherapy and trypanotolerance as areas of
research where more cooperation with ILRAD would be appreciated: Other high priorities
expressed by the participants were the continuation of training opportunities at ILRAD and
more effective distribution of information stemming from ongoing research studies at the
Laboratory.
The trypanosomiasis consultation was followed up by a series of fact-finding visits made by
ILRAD scientists to interested countries. These visits will help ILRAD staff plan further
collaborative research. Other cooperative activities that continued during the year include
studies to evaluate diagnostic reagents, to characterize trypanotolerance, to improve
chemotherapy, to identify and quantify levels of drug resistance in parasites, to determine the
epidemiology of theileriosis, to develop improved immunization methods against Theileria
parva, and to help decision makers in livestock development to plan control programs and
evaluate control projects by use of extensive databases that are being developed at ILRAD
with the help of computer-based simulation models and geographic information systems.
In 1990, ILRAD received financial support from the African Development Bank, the European
Economic Community, the Rockefeller Foundation, the United Nations Development
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Programme, the World Bank, and the governments of Australia, Belgium, Canada, Denmark,
Finland, France, Germany, India, Italy, Japan, the Netherlands, Norway, Sweden, Switzerland,
the United Kingdom and the United States of America. The Directors and staff of the
Laboratory are most grateful for the continuing interest and support of these donor members
of the CGIAR.
It is also a pleasure to note that Australia, Belgium, Germany, the Netherlands, Switzerland
and the United Kingdom made additional funds available in their own countries for work of
direct relevance to ILRAD's programs. In addition, Belgium, Canada, the Food and Agriculture
Organization of the United Nations, France, Italy, Japan, the Rockefeller Foundation and the
United Kingdom provided salary support for skilled personnel seconded to the institute. More
informally, ILRAD greatly benefited from a visitors' program, which enabled scientists from
advanced laboratories in other countries to bring expertise and new technology to ILRAD.
ILRAD continued to enjoy a productive relationship with the people and government of its host
country, Kenya, and maintained its important scientific links with the country's national
research institutions and universities. The steady flow of research fellows and visiting
scientists who come to ILRAD from African countries keeps the Laboratory in touch with
national research needs. The inclusion of five eminent scientists from African countries on the
Board of Directors ensures strong continental input in the formulation of the Laboratory's
research policies.
The importance of theileriosis and animal trypanosomiasis in constraining rural economic
development in Africa raises a high level of interest in the work of the Laboratory, particularly
in donor nations, organizations working on related problems and the countries affected by the
diseases. ILRAD was honoured by the visits of many eminent guests in 1990. These included
Dr. Mohamed Abdi Rahman, Director of Animal Health in Somalia; Dr. Bo M.I. Bengtsson,
Director General of the Swedish Agency for Research Cooperation with Developing Countries;
Dr. Charles Cantor, Director of the Human Genome Center at the University of California at
Berkeley (USA); Sir Barry Cross, of the Zoological Society of London (UK); Mr. Jean-Jacques
Graisse, Resident Representative of the United Nations Development Programme (Kenya); Dr.
Tagba-Baagnan Kagnaya, Director of Veterinary Services and Animal Health in Togo; Mr.
Peter McGauran, Shadow Minister for Science and Technology in Australia; Dr. Mohamed
Abdurahman, Minister for Livestock, Forestry and Ranges in Somalia; Dr. Anthony Pritchard,
Agricultural Research Advisor at the World Bank (USA); Dr. Hugh Rogers, Chairman of the
joint External Program and Management Review Panels of the International Board for Plant
Genetic Resources (UK); Dr. Jim Ryan, Deputy Director of the Australian Centre for
International Agricultural Research and Member of the Technical Advisory Committee of the
CGIAR; Dr. Edward Schuh, of the University of Minnesota (USA); Mr. J. Michael Scott, Deputy
Chief Natural Resources Adviser of the Overseas Development Administration (UK); Dr. Abou
Mamadou Touré, Director of Livestock Services in the Ministry of Animal Resources in
Senegal; Drs. Shozo Watanabe (Japan), Lucile Randria (Madagascar) and John Walsh
(Ireland), members of the ILCA Board of Directors; Mr. Getachew Worku, Vice Minister for
Animal and Fisheries Resources in Ethiopia; and Mr. Art Wright, Vice President of the
Canadian International Development Agency.
Important visitors from the Kenya Government who visited ILRAD during the year included the
Honourable George Muhoho, Minister for Research, Science and Technology; the Honourable
Dr. G.P. Oluoch, Assistant Minister for Research, Science and Technology; Mr. S. Arasa,
Permanent Secretary in the Ministry of Research Science and Technology; the Honourable
Eliud Mwangale, Minister for Livestock Development; the Honourable Jeremiah Nyagah, who
later in the year succeeded Mr. Mwangale as Minister for Livestock Development; the
Honourable Noah Wekesa, Assistant Minister for Livestock Development; Mr. S. Lesrima,
Permanent Secretary in the Ministry of Livestock Development; Ambassador M.N. Mahugu,
Chief of Protocol in the Ministry of Foreign Affairs; Mr. G.M. Mitine, Director of External Aid in
Foreword
file:///C|/Users/dhmichael/Desktop/fulldoc_html/Ilrad90/Foreword.htm[5/19/2016 4:30:33 PM]
the Ministry of Finance; and Mr. F. Kwinga, Principal Immigration Officer. ILRAD also received
visits from the High Commissioner of Australia in Kenya and Ambassadors of Belgium,
Finland, Germany, the Netherlands, Sweden, Switzerland and the United States of America.
The interest and support for ILRAD's work demonstrated by these visits is greatly appreciated.
I commend the following report and list of scientific publications written during the year by
ILRAD staff for your attention as a record of the outstanding activities of the Laboratory and its
progress in 1990 towards improved control of livestock diseases.
A.R. Gray
Director General
ILRAD
Figure 1. The Honourable Elijah Mwangale (left), Kenya's Minister for Livestock Development,
talks with the Honourable George Muhoho (right), Kenya's Minister for Research, Science and
Technology, during a visit they made to ILRAD in January. The Director General of ILRAD, Dr.
Ross Gray (centre), briefed the Ministers on the institute's work and led the visitors on a tour
of the laboratories.
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Abbreviations and acronyms
ATLN African Trypanotolerant Livestock Network (Nairobi)
CD-ROMs compact disks—read only memory
CGIAR Consultative Group on International Agricultural Research (Washington,D.C.)
DNA deoxyribonucleic acid
ECF East Coast fever
ELISA enzyme-linked immunosorbent assay
FAO Food and Agriculture Organization of the United Nations (Rome)
GDP gross domestic product
GEMS Global Environmental Monitoring System (within UNEP, Nairobi)
GIS geographic information system(s)
GRID Global Resource Information Database (within GEMS, UNEP,    Nairobi)
ICIPE International Centre of Insect Physiology and Ecology (Nairobi)
ILCA International Livestock Centre for Africa (Addis Ababa)
ILRAD International Laboratory for Research on Animal Diseases (Nairobi)
KARI Kenya Agricultural Research Institute (Kikuyu)
KETRI Kenya Trypanosomiasis Research Institute (Nairobi)
MHC major histocompatibility complex
NDVI normalized difference vegetation index
p67 a 67-kilodalton protein antigen on the surface of Theileria parvasporozoites
p85 an 85-kilodalton protein antigen on the surface of Theileria parvasporozoites and schizonts
RNA ribonucleic acid
USAID United States Agency for International Development (Washington, D.C
VSG variable surface glycoprotein
WHO World Health Organization (Geneva)
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Glossary
baseline studies—
Studies made to provide data against which data obtained in the future will be compared.
DNA probe—
A molecule of DNA (deoxyribonucleic acid), anywhere from 15 to thousands of nucleotides
long, used to detect the occurrence of its complementary sequence of DNA (or RNA,
ribonucleic acid) in a mixture of nucleic acids obtained from cells.
DNA sequencing—
Determining the precise order, or sequence, of the nucleotides that make up a gene once the
gene has been located on one of several chromosomes. 'The nucleotides are arranged in a
precise order like beads on a necklace . . . . . One way to understand the difference between
[genetic] mapping and sequencing is to think of a giant library. Mapping is like noting the titles
and the order of all the books on the shelves; sequencing is reading the books.' (Bruce M.
Alberts, Making a Map of the Human Chromosomes, in Headline News, Science Views, ed.
David Jarmul. Washington, D.C.: National Academy Press, 1991.)
endemic stability and endemic instability—
'Endemic' refers to the constant presence of a disease at a predictable level. ('Epidemic' is the
occurrence of a disease in excess of an expected level.) The term 'endemic stability' is used to
describe a climax relationship among animal host, disease agent, parasite vector and
environment, all of which coexist with a virtual absence of clinical disease. 'Endemic instability'
describes an incomplete relationship among host, agent, vector and environment, which leads
to the occurrence of clinical disease in the animal host.
Genes—
The chemical units of heredity that, when expressed, determine an organism's traits.
Genome—
The total genetic constitution of an organism. The DNA content of even a bacterial cell is very
large; the much larger genome of a mammalian cell carries about three billion base pairs of
information, most of which is arrayed along its chromosomal DNA. The base sequences are
arranged in discrete compartments of information: the individual genes. There are between
50,000 and 100,000 genes in the genome of a mammal; each one is responsible for specifying
the structure of a particular gene product, usually a protein.
in vitro and in vivo—
In vitro, literally meaning 'in glass', refers to experimental or laboratory conditions (e.g., petri
dish, flask or any other container) in which cells and tissue may be kept or manipulated. In
vivo, literally meaning 'in life', refers to conditions within an organism.
Molecule—
A group of atoms, held together by chemical bonds, that forms the smallest unit of chemically
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identifiable matter.
monoclonal antibody—
A population of identical antibody molecules produced by a single B lymphocyte, each with an
identical antigen-binding site, that can be made against any protein and can be used as a
probe to localize and purify the protein in order to study its structure and function. Monoclonal
antibody is produced by hybrid cells, created by the fusion of mouse spleen cells primed to
produce a specific kind of antibody and mouse myeloma cells, which are able to grow
indefinitely in culture. (Adapted from The Molecular Biology of the Cell, 2nd edition, by B.
Alberts, D. Bray, J. Lewis, M. Raff, K. Roberts and J. Watson. New York: Garland, 1989.)
normalized difference vegetation index—
An index that expresses the difference between red and near-infrared absorption/ reflection
and provides an index of healthy green vegetation.
nucleic acids—
DNA and RNA are long threadlike macromolecules made up of a large number of nucleotides,
each of which is composed of a nitrogenous base, a sugar (deoxyribose in DNA, ribose in
RNA) and one or more phosphate groups. The base is a derivative of purine or pyrimidine.
The purities in DNA are adenine (A) and guanine (G); the pyrimidines are thymine (T) (uridine
[U] in RNA) and cytosine (C). A always pairs with T (or with U in RNA), and G always pairs
with C. The pairs are known as base pairs. The four bases carry genetic information and are
the basic building blocks of DNA and RNA. The sugar and phosphate groups perform
structural roles.
In a DNA molecule, each nucleotide (in the molecule's long chain of nucleotides) binds to a
complementary nucleotide on a second chain of DNA, thus giving rise to a double-stranded
macromolecule. The two strands are intertwined, forming the famous double helix.
phenotype and genotype—
The phenotype; of an organism is its physical form; phenotypic characteristics are the
observable characteristics manifested by an organism. The genotype of an organism is its
genetic rather than physical constitution; genotypic characteristics produce phenotypic
characteristics.
recombinant DNA technology—
'Recombinant DNA basically is a tool that allows one to isolate, modify and move genes from
one organism to another, usually into a "simple" microorganism such as a bacterium or a
yeast cell. This tool facilitates the evaluation of the structure and function of genes. This
technology has been used to produce large amounts of gene products such as human insulin,
or the bovine growth. hormone somatotropin, and virus-inhibiting interferons.' (from 'A
Glossary of Recombinant DNA Technology and Genetic Engineering' by Lekh R. Batra. In:
Public Perceptions of Biotechnology, ed. L.R. Batra and W. Klassen. Bethesda, Maryland:
Agricultural Research Institute, 1987.)
vector—
Literally, a 'carrier'. The term is applied both to plasmids or viruses that can carry genes
across a cell wall barrier into a recipient cell, where the DNA is expressed, and to insects that
carry disease organisms.
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Theileriosis 
Theileriosis is a debilitating and often fatal disease that threatens over 25 million cattle in
eleven countries of Africa: Burundi, Kenya, Malawi, Mozambique, Rwanda, Sudan, Tanzania,
Uganda, Zaire, Zambia and Zimbabwe (Figure 2). The organism that causes theileriosis by
infecting wild and domestic ruminants is a protozoan parasite belonging to the genus Theileria.
Two species of this genus, Theileria parva and Theileria annulata, cause clinical disease in
cattle and thus severely impede cattle farming and its improvement in Africa and many other
tropical regions of the world. In eastern, central and southern Africa, the most important
species is Theileria parva, which causes diseases commonly known as East Coast fever,
Corridor disease and January disease. (Hereafter the disease is called East Coast fever.) In
cattle that are fully susceptible to the disease, East Coast fever is nearly always fatal.
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Figure 2. Reported distribution of the protozoan parasite Theileria parva, which causes
theileriosis in cattle in 11 countries of eastern, central and southern Africa. (Although
antibodies to T. parva are still found in South Africa and Swaziland, the disease has been fully
under control in those countries for many years.)
Theileria parva is transmitted between cattle by the brown ear tick, Rhipicephalus
appendiculatus. The parasite is also transmitted to cattle from Cape buffalo (Syncerus caffer),
which normally show no clinical signs of theileriosis.
The types of cattle affected most severely by East Coast fever are highly productive taurine
(Bos taurus) breeds, their crosses, and improved indigenous Zebu (Bos indicus) cattle that are
moved from areas free of East Coast fever into endemic areas (Figure 3). A substantial and
incalculable economic loss due to this disease stems from the inability of farmers to
crossbreed their indigenous cattle with genetically improved taurine cattle because the latter
are highly susceptible to tick-borne diseases. Among indigenous cattle where the disease is
ENDEMICALLY STABLE*, East Coast fever is fatal mostly in calves, with mortality rates being
as high as 50%; in areas where the disease is ENDEMICALLY UNSTABLE, such as in
livestock herds first introduced the parasite, 80-100% of animals of all age groups may die. In
one year alone, 1989, it is estimated that East Coast fever killed 1.1 million head of cattle and
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caused US$168 million in losses.
*Words appearing in SMALL CAPITAL LETTERS in this Annual Report are defined in a
Glossary preceding this chapter.
Figure 3. Genetically improved taurine breeds of cattle, such as these Hereford in Kenya, are
particularly desired by farmers because they are more productive than indigenous breeds.
Unfortunately, highly productive grade cattle are also particularly susceptible to tick-borne
diseases.
East Coast fever is controlled principally by dipping or spraying cattle with acaricide
substances, which keep the animals free of ticks (Figure 4). This method, however, has
several shortcomings. Acaricides are costly and must be bought with hard currency, a scarce
commodity in most developing countries. In areas heavily infested with ticks, cattle herds are
walked to dips or spray races as often as twice a week for treatment; this frequency damages
the land, pollutes the environment with toxic residues and may be accelerating the
development of tick resistance to the acaricides. In addition, proper acaricide treatment is
difficult to administer in rural areas where there is little expertise in maintaining cattle dips and
spray races, where water is in chronic short supply and where illegal cattle movements or civil
unrest may periodically occur. Finally, because cattle regularly treated with acaricides are not
exposed to T. parva, the cattle develop no immunity and thus have no protection against the
parasite or other tick-borne diseases if the acaricide treatment regime is interrupted.
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Figure 4. Cattle being sprayed with an acaricide on a ranch in Kenya to keep the cattle free of
ticks. This is the most common tick control method used in Africa, but problems encountered
in maintaining dips and spray races and the high costs of importing acaricides are forcing
many governments to investigate other methods for controlling ticks and the diseases they
spread.
Although curative drugs have been developed to control the parasite in infected animals, these
drugs are expensive and most efficacious when the disease. which often is clinically apparent
only when the infection has reached an advanced stage. is diagnosed early. For these
reasons, alternative and improved methods of controlling East Coast fever are urgently
needed.
The life cycle of the single-celled T. parva parasite is complex (Figure 5). In both the tick
VECTOR and the mammalian host, the parasite undergoes a series of transformations into
different forms. Upon ingestion by a R. appendiculatus tick (Figure 6), T. parva undergoes
differentiation first in the gut of the tick, resulting in the formation of forms called kinetes
(Figure 7, top right). The kinetes then migrate to the tick salivary glands, where they
differentiate into sporozoite forms (Figure 7, middle right). As the tick feeds on cattle, these
sporozoites. the form of the parasite that most often infects cattle. are injected into the cattle
along with tick saliva. (Theileria parasites are usually transmitted to cattle by ticks that have
fed as nymphs on infected animals and then feed as adults on susceptible cattle.) In the
bovine host, the sporozoites attach to and enter lymphocytes, a type of white blood cell of the
bovine immune system (Figure 7, bottom right). Within two to three days of invading the
lymphocytes, the sporozoites develop into intracellular forms called schizonts (Figure 7,
bottom left). The infected lymphocytes grow larger and begin to divide. As each enlarged
lymphocyte, called a lymphoblast, divides, the schizont inside the lymphoblast also divides,
ensuring infection of each of the two daughter cells produced by the dividing lymphoblast.
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Figure 5. The life cycle of Theileria parva. Sporozoite forms of the parasite are transmitted
from the tick to the bovine host in tick saliva as an infected tick feeds on an animal. In the
animal host, the sporozoites attach to and enter lymphocytes, a type of white blood cell of the
bovine immune system, where the sporozoites develop into forms called schizonts. The
infected lymphocytes grow larger and begin to divide. As each enlarged lymphocyte, called a
lymphoblast, divides, the schizont inside the lymphoblast also divides, ensuring infection of
each of the two daughter cells produced by the dividing lymphoblast. The infected
lymphocytes expand rapidly and spread throughout the lymphoid system of the animal, giving
rise to widespread destruction of host cells.
Some of the schizonts develop into merozoite forms, which are released from the lymphocytes
into the bloodstream, where they invade red blood cells (erythrocytes). In the red cells, the
parasites develop into forms called piroplasms, which are able to infect ticks. As ticks feed on
animals infected with the parasite, they ingest red blood cells containing the piroplasms. Once
in the tick gut, the parasites differentiate into male and female gamonts, which fuse to form
zygotes. The zygotes differentiate into kinetes, which move to the salivary gland and enter a
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particular cell type. Here the parasites form sporoblasts, each of which give rise to 30,000 to
50,000 sporozoites, a parasite form able to infect animals. The sporozoites are introduced into
a mammalian host along with tick saliva when the tick feeds, initiating a new cycle of parasite
development.
Figure 6. An unfed adult female brown ear tick (Rhipicephalus appendiculatus). Ticks feed by
taking a blood meal from an animal. While feeding on cattle, brown ear ticks infected with
Theileria parva transmit these parasites to the animals, causing the devastating disease
theileriosis, commonly known as East Coast fever, January disease or Corridor disease.
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Figure 7. Important developmental forms of Theileria parva. Clockwise from upper right:
kinete forms (arrows) of the parasite, which move from the tick gut to the salivary gland;
sporozoite forms (Sp), which are able to infect animal hosts, in a tick salivary gland; a
sporozoite that in tick feeding has entered an animal host and invaded a white blood cell
(lymphocyte); schizont forms (Sc), which develop in the bovine lymphocyte from the sporozoite
forms; a schizont producing merozoite forms (arrows), which invade the red blood cells
(erythrocytes) of the animal host; a piroplasm form of the parasite, which develops from the
merozoite form and is able to infect ticks, in an erythrocyte. Piroplasms will be ingested by a
feeding tick, develop into kinete forms in the tick gut, and the life cycle will be repeated.
In this manner, the lymphocytes that were initially parasitized expand rapidly and spread
throughout the lymphoid system of the animal, giving rise to widespread destruction of cells of
the host animal. In most untreated, susceptible cattle, this results in an overwhelming infection
of the lymphoid system and death within three to four weeks of infection.
In the later stages of infection, some of the schizonts differentiate into merozoite forms (Figure
7, middle left). The merozoites are released from the lymphocytes into the bloodstream, where
they invade red blood cells. In the red cells, the parasites change into forms called piroplasms
(Figure 7, top left), which are able to infect ticks. As ticks feed on infected animals, they ingest
red blood cells containing the piroplasms, and this completes the life cycle of T. parva.
 Epidemiology of East Coast fever
Cattle that survive infection with T. parva are thereafter immune to East Coast fever for long
periods. This suggests that it may be feasible to control the disease by immunizing livestock
against the parasite. However, the different T. parva stocks obtained in the field and the
different T. parva strains maintained in the laboratory have different antigens. those parts of
the parasite recognized as foreign by the immune system of the bovine host. Immunity
produced in an animal against one stock or strain of the parasite thus may not protect the
animal against challenge with another. The development of an effective vaccine against East
Coast fever therefore depends on determining the antigenic composition and prevalence of T.
parva stocks obtained from endemic areas. Such information is being compiled in
epidemiological studies at ILRAD, which are an important part of the Laboratory's theileriosis
program, complementing the program's three other major areas of research, which are
directed at immunization against the sporozoite and schizont forms of the parasite.
 Collaboration with national governments
Cattle can be immunized against a stock of T. parva by infecting the animals with the
sporozoite form of the parasite stock while at the same time treating the cattle with an
antibiotic drug to lessen the severity of the infection (Figure 8). This infection-and-treatment
technique continued to be used this year in conjunction with tick control in many regions
where East Coast fever is endemic.
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Figure 8. Schematic diagram of the steps involved in immunizing cattle against East Coast
fever by use of an 'infection-and-treatment' method that has been refined over several years
by staff from ILRAD and the Kenya Agricultural Research Institute.
Staff members conducting epidemiology studies in the theileriosis program continued to
collaborate with national governments to determine the prevalence of East Coast fever in their
countries, to establish and conduct immunization programs based on the infection-and-
treatment method and to train personnel to apply the method. ILRAD also provided national
laboratories with reagents to characterize parasite types and to diagnose East Coast fever
and other important tick-borne diseases, the latter caused by Anaplasma, Babesia and
Cowdria parasites.
Scientific and technical staff from laboratories in Ethiopia, Gambia, Kenya, Malawi,
Mozambique, Senegal, Tanzania, Zaire, Zambia and Zimbabwe were given instruction during
the year in the use of techniques to diagnose tick-transmitted diseases, to identify tick species,
to maintain tick colonies in the laboratory and to prepare stabilates, which preserve live T.
parva sporozoites so that these remain infective for use in future experiments and
immunization projects. The institute continued to assist the Tanzanian Government in
immunizing cattle against T. parva on the islands of Zanzibar, which have a complex tick-
borne disease problem. Babesia bovis, Cowdria ruminantium and a pathogenic form of
Theileria mutans a normally innocuous species of Theileria, have all been identified on the
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islands.
 Identifying Theileria Parva parasites
Success in protecting cattle against East Coast fever by immunizing them by the infection-and-
treatment method depends on an accurate identification of the parasite stocks that exist in the
area in which livestock will be immunized. Theileria are small parasites and the different
species, and strains are often indistinguishable when viewed under a light microscope. For
this reason, ILRAD researchers over the last several years have developed increasingly
sophisticated laboratory procedures for parasite identification.
In the past, a cross-immunity test was the only method available for identifying a parasite
stock or stocks that might provide wide immunity to East Coast fever. This test consists of
immunizing cattle by the infection-and-treatment method using one stock of T. parva and
subsequently challenging the animals with a different stock to discover which stocks break
through, and thus which stocks are immunologically distinct. Although still very useful, cross-
immunity tests are expensive and time consuming. More efficient, IN VITRO tests are now
being developed to determine the immunological types of T. parva.
A panel of 20 MONOCLONAL ANTIBODIES that had been used for several years at ILRAD to
distinguish T. parva stocks from each other was improved during the year. Nine monoclonal
antibodies were deleted from the original panel, a few because they reacted with all parasite
stocks and others because they gave only partial reactions. Two new monoclonal antibodies
were raised against other stocks and added to the panel. Although none of the monoclonal
antibodies in the new panel specifically recognizes only one stock, use of the panel does
differentiate among the stocks used at ILRAD. Moreover, the positive and negative reactions
obtained with this panel are consistent with those of stocks from East and Central Africa.
These reaction patterns do not, however, correlate with cross-protection.
Tests based on monoclonal antibodies distinguish differences in the physical characteristics of
T. parva stocks. New techniques developed in molecular biology have enabled ILRAD
research workers to make DNA PROBES with which to identify GENOMIC differences among
parasite stocks as well (Figure 9). Molecular biology research at ILRAD on the genetic
material of T. parva led scientists to identify fragments of DNA each of which is characteristic
of a single T. parva stock or strain. Having determined the NUCLEIC ACID sequences of
these fragments, the scientists then made smaller DNA probes (oligonucleotides). single
strands of the double stranded parasite DNA fragment. each of which combines, or hybridizes,
only with genetic material obtained from T. parva of the same subspecies or strain. By
screening field samples of T. parva with a panel of DNA probes made for different subspecies
and strains, laboratory workers can now identify these with unequalled precision.
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Figure 9. Diagram of the nucleic acid hybridization process. Single-stranded DNA from an
organism of interest is allowed to attach itself to a membrane. A single-stranded DNA probe
binds to its immobilized complementary strand. This binding can be detected by labelling the
probes with radioisotopes or with non-radioactive reporter molecules, such as the biotin-
streptavidin-enzyme complex shown here.
In 1990, use of the polymerase chain reaction technique continued to improve nucleic acid
probes being made at ILRAD for both diagnostic and epidemiological work. The polymerase
chain reaction is a simple but revolutionary technique for copying a defined stretch of DNA in
the laboratory with readily available reagents. Because the number of copies increases
exponentially, billions of copies can be made in a few hours. By using appropriate primers, the
polymerase chain reaction can amplify a variable sequence of DNA located between two
conserved regions in the parasite GENOME so that this sequence may be characterized.
ILRAD scientists used the polymerase chain reaction in several ways during the year to
identify genomic differences among Theileria species and stocks.
In 1990, for example, scientists at Cambridge University and ILRAD collaborated on work that
identified species-specific regions in the small ribosomal subunit DNA of five Theileria
species. DNA probes that specifically recognize these species were synthesized using the
polymerase chain reaction. Four of these probes--T. parva, T. annulata, T. mutans and T.
lawrencei--were tested on cultures of lymphocytes infected with different Theileria species and
were shown to be species specific. The probes are now being adapted to identify parasites in
the tissues of infected livestock and the salivary glands of infected ticks.
The polymerase chain reaction technique was also used to study the parasite carrier state in
cattle. Using primers derived from a major DNA repetitive sequence in the T. parva genome,
parasite-specific products obtained using the polymerase chain reaction were generated in
whole blood of cattle subclinically infected with T. parva. In view of the importance of the
carrier state in the epidemiology of East Coast fever, the ability to detect carrier animals
without having to perform time-consuming and expensive parasite transmission experiments
will facilitate epidemiological work done by national programs, leading to improved control of
East Coast fever.
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A third use of the polymerase chain reaction technique was to investigate whether there is a
sexual cycle in T. parva. Sexual stages have been detected when the parasite is in the tick gut
and these are thought to contribute to the antigenic complexity of T. parva in the field. Such
genetic recombination has important implications both for the epidemiology of East Coast
fever and for the selection of parasite strains for use in immunizing animals against the
disease.
DNA from sporozoites obtained from ticks simultaneously infected with T. parva Muguga and
T. parva Uganda was amplified by the polymerase chain reaction and the products probed
with stock-specific oligonucleotides; results obtained in 1990 show that genetic recombination
does indeed occur between these two stocks. A new physical map of the T. parva genome,
described below, will facilitate studies in this area, as well as studies of the possible effects of
genetic recombination on the structure of potentially'protective antigens'. MOLECULES that
upon inoculation into the host animal induce protective immune responses.
A major achievement at ILRAD in 1989 was the construction of a physical map of the genome
of T. parva (Muguga) (made using Sfi I linking clones) that showed the parasite has four
chromosomes (Figure 10). In 1990, putative locations were assigned for all known T. parva
GENES. By the end of the year, only one Sfi fragment of the entire genome remained to be
assigned.
Figure 10. The four chromosomes that make up the genome of Theileria parva, as revealed
using field-inversion gel electrophoresis. The sizes of the chromosomes range from 2.9 to 1.9
megabases.
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 Developing improved tests to diagnose infections
Accurate diagnosis of tick-borne cattle diseases is essential for the success of disease control
projects in endemic areas. Serological diagnosis of tick-borne infections in national diagnostic
laboratories, however, is hampered by the lack of standardized reagents. For this reason,
results of diagnostic tests often may be either inaccurate or incomparable among laboratories.
In 1990, ILRAD assisted national animal disease control workers to screen blood for Theileria.
The Laboratory also continued work to develop standardized tests for the diagnosis of
Theileria infections based on enzyme-linked immunosorbent assays (ELISAs). ILRAD
scientists have developed antigen- and antibody-trapping assays that detect infection with T.
mutans. An ELISA has advantages over the routinely used indirect fluorescent antibody test
for extensive epidemiological studies of T. parva: the ELISA has greater sensitivity and is
applicable in the field. To validate the utility of the ELISA, stocks of T. parva were examined on
Western blots with schizont antigens to determine if the antigen used in the ELISA is
conserved in the species. The information obtained was used to develop two microELISAs for
T. parva, which are being compared and further evaluated.
Three other parasite antigens were identified and used in antibody-detection ELISAs: an
antigen of Anaplasma marginale having a molecular mass of 54 kilodaltons, a 200-kilodalton
antigen of Babesia bigemina and a 32-kilodalton antigen of T. mutans. Using two monoclonal
antibodies. one that captures circulating antigen and another that recognizes a different
epitope as an indicator. ILRAD staff have developed capture microELISAs for A. marginale
and T. mutans. The antibody-and antigen-capture ELISAs are now being evaluated on field
samples.
ILRAD aims ultimately to produce a panel of high-quality, standardized ELISA reagents for the
diagnosis of all the tick-borne cattle diseases that occur in the endemic regions. The
availability of such a comprehensive panel would considerably improve the diagnostic and
disease-monitoring capacities of national laboratories.
 Towards a vaccine against East Coast fever
The major disadvantage of the only immunization method now available for East Coast fever.
the infection-and-treatment method. is its reliance on live parasites. These must be
cryopreserved to remain infective, cattle immunized with the live parasites must be treated
simultaneously with therapeutic drugs, and after immunization the cattle may remain carriers
of infection. A vaccine based on antigens of parasites or on whole dead parasites would be a
great improvement over the current vaccines based on live parasites.
Two developmental forms of T. parva are of particular interest to ILRAD regarding vaccine
development. The first are sporozoites, transmitted to cattle by the bite of infected ticks and
thus the first form of the parasite encountered by an animal's immune system. The second are
schizonts, which develop from sporozoites soon after the latter enter the host's white blood
cells. ILRAD researchers have identified two proteins displayed on the surface of these forms
that could be the bases of improved vaccines.
 Immunization against the sporozoite form of the parasite
 Sporozoite entry into bovine lymphocytes
Electron microscopic studies were conducted during the year on the processes by which
sporozoite forms of T. parva bind and enter bovine lymphocytes. Theileria parva sporozoites
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are nonmotile and thus the initial sporozoite-lymphocyte interaction is a chance event, which
can occur at 0. 2 ° C. It was discovered that all subsequent stages in the entry process are
temperature-dependent and require the participation of live intact parasites and host cells.
Scientists began to identify the molecular interactions involved in this process, which occurs in
a series of steps that in total take only a few minutes (internalization of the parasite occurs in
less than 3 minutes at 37 ° C).
First, the parasite binds to a host lymphocyte, with the outer membranes of the two cells
attaching in a zipper-like manner. The parasite then enters/is internalized by the lymphocyte.
Inside the host cell, the parasite retains both its original surface membrane and, on top of this,
another membrane comprising the section of lymphocyte membrane that enclosed the parasite
during the entry process. Once inside the lymphocyte, the parasite rapidly escapes from the
encapsulating host cell membrane and, now free in the cytoplasm, differentiates into schizont
forms, which, in a way as yet unknown, induces division of the host cell and thus clonal
expansion of infected cells. The molecules involved in this elaborate binding and entry
process are targets for immunological intervention and are thus being studied further.
 Sporozoite antigens
Of the two T. parva surface antigens ILRAD scientists found to be likely candidates for vaccine
material, one. designated p67 because its molecular mass is about 67 kilodaltons. occurs only
on the surface of sporozoites. This molecule has been found in all stocks of T. parva tested. It
has been shown to induce antibodies in cattle that neutralize sporozoite infectivity to
lymphocytes in vitro. Researchers are now investigating whether p67 also induces cell-
mediated responses, which involve T cells rather than B cells.
In 1989, ILRAD workers cloned the gene coding for p67 and filed a patent in the USA covering
its potential use for vaccination against East Coast fever. In collaboration with researchers at
SmithKline Beecham, Animal Health Department (Philadelphia), ILRAD produced large
quantities of the protein using RECOMBINANT DNA TECHNOLOGY. In 1990, to test its
effectiveness as a potential vaccine, researchers at ILRAD inoculated calves with the
recombinant protein. The protein induced high levels of antibodies in the cattle. When infected
with a T. parva sporozoite stabilate, the immunized cattle showed a significant degree of
protection while nonimmunized control cattle developed fatal disease.
The success of such a vaccine will depend on an effective means of delivering it to the bovine
immune system. ILRAD scientists used a vaccinia virus to express the gene that encodes p67,
which produced recombinant antigen that was demonstrated to induce bovine antibodies that
neutralized sporozoites (see `Antigen Delivery Systems', below). These exciting developments
provide the first opportunity to test a recombinant parasite antigen as a vaccine for T. parva.
 Immunization against the schizont form of the parasite
The other potentially protective protein identified at ILRAD. an 85-kilodalton antigen (p85).
appears on both sporozoites and intracellular schizonts. The form of p85 expressed on the
surface of schizonts appears to be polymorphic, varying in size from 79 to 105 kilodaltons,
which suggests that the antigen is processed differently in the sporozoite and schizont stages
of the parasite. The p85 antigen has been found to be immunodominant, that is, the immune
response to p85 is stronger than that to other antigens of the parasite.
The schizont is the pathogenic stage of T. parva and causes disease through destruction of
lymphocytes. The death or recovery of an animal depends greatly on the ability of the animal's
immune system to control the rapidly dividing infected lymphocytes. Several features of
immunity to T. parva infection suggest that protective responses against natural challenge are
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directed largely at the schizont stage of the parasite. These include the frequent observation of
a schizont parasitosis in immune animals at the time of remission of infection and the fact that
immune animals are solidly protected against challenge with large numbers of schizont-
infected cells grown in the laboratory. Over the past decade, scientists at ILRAD have
determined that these responses are likely to be mediated by a population of bovine white
blood cells known as T lymphocytes. The identification of the parasite components that induce
these responses is a major priority of the institute.
 Immunological responses to schizont-Infected cells
There is strong evidence that cell-mediated immune responses are essential for the recovery
and protection of cattle from T. parva infection. ILRAD scientists have determined that the
effector cell that mediates these responses is likely to be a subpopulation of T lymphocytes
known as cytotoxic T lymphocytes. Parasite-specific cytotoxic T lymphocytes can be cultured
in vitro and are capable of killing schizont-infected lymphocytes in the laboratory.
Results of an experiment conducted in 1990 provided conclusive evidence that cytotoxic T
lymphocytes help protect immune cattle challenged with T parva by killing schizont-infected
cells. Lymphocytes emanating from a bovine lymph node at peak response to challenge with
the parasite were collected by surgical cannulation and purified using lineage-specific
monoclonal antibodies to give a subtyped cytotoxic T-cell population. The purified cytotoxic T
cells were transferred to an identical (split-embryo) twin of the immune animal, which had
been infected with a lethal dose of T. parva. The transferred cells were capable of high levels
of parasite-specific killing in vitro and conferred protection on the naive twin. In further
experiments, scientists cloned the demonstrably protective cytotoxic T cells derived from the
cannulated lymph node and are using these to identify other T. parva schizont antigens with
vaccine potential.
 Vaccine development
Vaccine development is a new project area in ILRAD's theileriosis program initiated to
characterize and exploit the immunization and protective properties of candidate vaccine
antigens. This work includes studies to determine the inductive requirements of the bovine
immune response and work on the development of antigen delivery systems.
ILRAD's approach to the development of new vaccines includes detailed studies of the bovine
immune system so as to provide a rational basis for vaccine development. The protective
immune response that has been identified and examined in most detail is the cell-mediated
response to schizont-infected lymphocytes. Theileria parva has contributed much, as a model,
to an understanding of the bovine immune response. Areas of basic bovine immunology that
continued to be studied in 1990 are the definition of subpopulations of white blood cells
(leucocytes), T-cell receptors, major histocompatibility complex antigens and antigen-
presenting cells.
 Effects of the major histocompatibility complex
T lymphocytes cannot recognize free antigens, but require that antigen first be processed to
peptide fragments by an antigen-presenting cell and expressed on the cell surface in
association with major histocompatibility molecules. The latter are glycoproteins encoded by a
family of genes known as the major histocompatibility complex (MHC). Cytotoxic T
lymphocytes recognize foreign antigens that have been synthesized within the target cell (for
instance by a virus or intracellular parasite) only when these are found in association with
class I MHC molecules (Figure 11). In contrast, helper T cells, the other major subpopulation
of T lymphocytes, recognize external soluble antigens that have been taken up and processed
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by antigen-presenting cells before being expressed on their surface in association with class II
MHC molecules.
Figure 11. Interaction of a cytotoxic T lymphocyte (T cell) that specifically recognizes the
parasite Theileria parva and a lymphoblast infected with this parasite. Inside the lymphoblast,
parasite antigen is degraded in the cytosol to peptide fragments. The parasite fragments
associate with nascent molecules of the class I major histocompatibility complex (MHC) en
route to the surface of the lymphoblast. On the cell surface, the peptide-MHC complex is
recognized by an antigen receptor on the surface of the cytotoxic T cell. This interaction is
stabilized by CD8 accessory molecules and leads to activation of the cytotoxic T cell killing
mechanism, which destroys the infected cell.
The antigen receptor on T cells recognizes a combination of antigenic peptide and self-MHC
molecules, and cytotoxic T lymphocytes from an immune animal will identify and kill only
infected cells carrying MHC molecules identical to its own. This phenomenon is known as
MHC restriction (Figure 12). Continuing work in this area indicates that parasite antigens
associate preferentially with certain MHC molecules, suggesting that the MHC type of an
animal may influence the specificity of its cytotoxic T lymphocyte responses to the parasite.
Such MHC-related effects may be relevant to any future immunization of large populations of
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cattle with subunit parasite components.
Figure 12. Schematic diagram of the role of MHC restriction in bovine immune responses to
cells infected with the parasite that causes East Coast fever. A host cytotoxic T cell has
recognized and attached itself to a site on the surface of a another host lymphocyte cell that
has been infected with Theileria schizonts. When a lymphocyte cell is parasitized by Theileria
schizonts, parasite-related antigens become embedded in the host cell membrane. Host
cytotoxic T cells specifically recognize such foreign molecules only when these are displayed
on a cell surface in combination with proteins that identify the hosT. These latter proteins are
class I proteins of the major histocompatibility complex (MHC), a group of genes responsible
for immune responses. The cell infected by the parasite is killed by the cytotoxic T cell when
the parasite molecules and host MHC proteins are located together on the cell surface.
However, if the cytotoxic T cell and parasitized T cell do not share the same MHC antigens,
the cytotoxic T cell will not kill the parasitized cell. This phenomenon is known as MHC
restriction. (From an illustration in Readings from Scientific American: The Molecules of Life,
New York: W.H. Freeman, 1985, p. 74.)
The pivotal role of MHC molecules in T-cell recognition has made the characterization of these
molecules in cattle a priority of scientists at ILRAD. These studies have concentrated on typing
cattle according to their class I MHC PHENOTYPE and using this information in studies of
bovine T-cell responses. The function of MHC molecules in antigen presentation is also being
investigated.
 Antigen presenting cells
Afferent lymph, which drains the various mammalian tissues into lymph nodes, contains a
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population of dendritic cells known as veiled cells. Scientists at ILRAD have shown that
afferent lymph veiled cells are more efficient than blood monocytes (another type of antigen-
presenting cell) in the presentation of soluble antigen to immune T lymphocytes. The
mechanisms by which afferent lymph veiled cells process and present antigen continued to be
characterized during the year with a view to exploiting these cells in immunization strategies
based on soluble antigenic components of T. parva.
The results of this work demonstrated that the afferent lymph veiled cells play an important
role in the generation of primary and secondary T-cell responses in cattle. The results also
indicate that afferent lymph veiled cells may be important in antigen delivery strategies. The
cannulation of afferent lymphatics appears to be a useful technique for investigating the
effects of adjuvants on the antigen-presenting function of these cells.
 Antigen delivery systems
An important part of research in vaccine development is the identification of antigen delivery
systems that will help induce protective immune responses in the host animal. Delivery
vehicles based on recombinant organisms have several advantages over conventional
systems. Recombinant vaccinia viruses have been shown in several experimental systems to
give rise to potent antibody and cytotoxic-T-lymphocyte responses.
A recombinant vaccinia virus was constructed in 1989 that incorporates the gene encoding the
p67 sporozoite antigen of T. parva (Figure 13). Inoculations of this virus into rabbits elicited
antibody capable of neutralizing parasite invasion in vitro. The vaccinia virus continued to be
characterized this year, during which it was shown to produce similar neutralizing responses in
guinea pigs and cattle. In cattle, T-cell proliferation in response to the p67 antigen was
observed in vitro. In all instances, however, the antibody levels produced were low and
unlikely to protect the host. Further studies of the immune responses of cattle to recombinant
virus are in progress.
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Figure 13. This figure gives a broad outline of ILRAD's use of genetic engineering to produce
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large quantities of a protein molecule identified at ILRAD that appears on the surface of
Theileria parva parasites. This molecule, termed p67, shows promise as a base for a vaccine
to protect livestock against theileriosis.
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Summary
Trypanosomiasis
Trypanosomiasis, which occurs across more than a third of Africa, is arguably the most
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important livestock disease on the continent. Like East Coast fever, trypanosomiasis is caused
by a protozoan parasite (Figure 14). In Africa, most trypanosome parasites are transmitted by
tsetse flies. The parasites infect a variety of domestic and wild animals as well as humans.
The wide occurrence of this disease in people and their livestock is a great constraint to
agricultural and economic development and the consequent improvement of people's lives.
Figure 14. Light micrograph of trypanosomes, protozoan parasites that cause animal
trypanosomiasis, in mammalian blood.
The tsetse fly (Glossina) vector of trypanosomiasis occurs only in Africa (Figure 15). Tsetse
transmit two species of trypanosomes.Trypanosoma brucei rhodesiense and Trypanosoma
brucei gambiense.that cause trypanosomiasis in people, known as sleeping sickness, and four
species.Trypanosoma brucei brucei, Trypanosoma congolense, Trypanosoma simiae and
Trypanosoma vivax. that cause serious forms of trypanosomiasis in cattle, sheep, goats, pigs
and horses.
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Figure 15. A tsetse fly feeding on an artificial membrane at ILRAD. Africa is the only continent
in which this fly. recognized by a long proboscis and the habit of resting with its wings folded
scissor-like over its back. occurs. The tsetse fly inhabits over a third of the continent, where it
exposes some 30% of Africa's 150 million cattle to the risk of infection with trypanosomes,
which give rise to the debilitating and frequently fatal disease trypanosomiasis.
In parts of Africa and Asia, where camels are an important resource, these animals also suffer
from trypanosormasis. The camel disease is most commonly caused by Trypanosoma evansi,
a species not transmitted by tsetse flies but by other biting flies. Increasing evidence suggests
that in large areas of Asia and South America, Trypanosoma evansi poses a threat to other
livestock as well, especially cattle, domestic buffalo and pigs. Trypanosoma vivax, although
usually transmitted by the tsetse fly, also exists in the absence of this vector in the Caribbean
and South America. The extent of the problem of non-tsetse-transmitted trypanosomiasis is
not clear, but it is potentially a serious threat to livestock in many parts of the world.
Tsetse flies occur in 37 countries of Africa, an area extending over 10 million square
kilometres (Figure 16). The risk of trypanosomiasis in much of this area precludes farmers
from keeping cattle and small ruminants, and this fact largely accounts for Africa's low
livestock productivity: the continent produces one-seventieth of the animal protein per hectare
that Europe produces. The impact of trypanosomiasis is even greater than these figures
suggest because many of the areas inhabited by tsetse flies are potentially the most
agriculturally productive in Africa. Thirty percent of Africa's cattle population, which totals 147
million, as well as comparable numbers of small ruminants, are at risk from the disease.
Annual losses in meat production alone are estimated at US$5 billion. This economic
deprivation is exacerbated by losses in milk yields, tractive power, waste products that provide
natural fuel and fertilizer, and secondary products such as hides. In addition, 50 million people
are currently exposed to the risk of contracting human trypanosomiasis.
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Figure 16. The tsetse fly and the trypanosome parasites it carries together make some 10
million square miles of potential grazing land in Africa inhospitable for livestock. Note that little
overlap exists between Africa's cattle-production and tsetse-infested areas except in regions
of West and Central Africa where a few indigenous cattle breeds exist that are able to tolerate
trypanosome infection. Tsetse-infested areas are reported to be expanding in many parts of
tropical Africa.
The trypanosomes that cause disease in livestock and humans also infect some wildlife
species, which serve as a source, or reservoir, of infection for flies that may then in turn infect
domestic animals and people. Many wild animals carry trypanosomes with no apparent ill
effects (Figure 17). In humans and most domestic livestock, however, where such a harmless
relationship with trypanosomes and their vectors has not evolved, the pathogenic effects of
infection are severe.
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Figure 17. The African Cape buffalo, which, like several other species of African wildlife, can
be infected with trypanosomes while manifesting no clinical disease. Infected wild animals are
a source of infection for flies that may in turn infect domestic animals and people.
For several days following infection with trypanosomes, animals show no signs of disease.
One to two weeks later, susceptible animals develop intermittent fever and anaemia. In most
endemic areas of Africa, cattle are repeatedly bitten by tsetse flies carrying different kinds of
trypanosomes. In addition, in most areas livestock must daily forage for food and walk long
distances for water. Under these stressful conditions, infected animals often continue to
deteriorate for months before dying.
The life cycle of the single-celled trypanosome parasite is complex. In both the tsetse fly
vector and the mammalian host, trypanosomes undergo a series of transformations into
different forms (Figure 18). The tsetse fly ingests trypanosomes when it feeds on an animal
infected by the parasite. In the fly, the trypanosomes differentiate into several forms,
culminating the metacyclic form, which is able to infect mammalian hosts. When the infected
fly next feeds, these metacyclic trypanosomes are injected into the skin along with tsetse
saliva. In the animal, the parasites differentiate into a bloodstream form specially adapted to
live in mammalian blood. The bloodstream parasites multiply by binary fission and enter the
animal's lymphatic and blood circulation. As flies feed on animals infected with the parasite,
they take up blood containing trypanosomes, which then completes the life cycle.
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Figure 18. The life cycle of Trypanosoma brucei. Infection begins when trypanosomes are
injected into the blood of a mammal by a tsetse fly as it feeds on the animal. In the animal
host, slender forms of the parasites (a) multiply by binary fission until large parasite numbers
build up in the blood. The trypanosomes then transform first into intermediate forms (b) and
then into stumpy forms (c), the latter of which are able to infect tsetse flies.
Stumpy forms of the parasites are ingested by a tsetse fly as it feeds on an infected animal. In
the midgut of the tsetse fly, procyclic forms (d) arise and undergo division, after which the
parasites enter the proventriculus and later the salivary glands of the fly, where they assume
epimastigote forms (e) and undergo further division. Finally, metacyclic forms (f) arise in the
salivary glands. Metacyclics are able to infect mammals, and the life cycle is repeated.
Note that the mitochondrion is inactive in the slender forms, begins to become active in the
stumpy forms and is fully active in forms that occur in the tsetse fly. Parasite forms that live in
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the mammalian bloodstream (slender, intermediate and stumpy) have a glycoprotein surface
coat, shown here in blue. This surface coat of the parasites disappears in the procyclic forms
that arise in the midgut of the tsetse fly and is later reformed in the metacyclic forms in the
tsetse salivary glands. (After Vickerman, 1979.)
 Problems of current control methods
Three methods are currently used to control trypanosomiasis: administration of drugs to treat
or prevent the disease, use of methods to reduce populations of the flies that transmit the
disease, and keeping indigenous livestock breeds that are resistant to the disease. To date,
each of these methods, while remaining very useful, has drawbacks.
Only a few drug compounds have been developed for treating trypanosomiasis and those that
are available may produce unpleasant or fatal side-effects. Furthermore, all trypanocidal
compounds now available have been widely used for many years, leading to the development
of parasite resistance to the drugs. There are no signs that new and improved drugs will be
produced in the near future.
The methods used to control populations of the tsetse vector include spraying areas with
insecticides to kill the flies, clearing bush hospitable to the fly and killing flies with targets and
traps. Although the tsetse fly is apparently sensitive to low levels of modern insecticides,
application of such compounds over large areas is environmentally damaging. The felling of
forests and clearance of bush inhabited by tsetse flies effectively rids areas of tsetse, but such
destruction of diminishing natural resources is unacceptable in most areas. The targets and
traps developed over the last several decades to kill tsetse have been demonstrated to reduce
fly populations to low levels but only in some types of areas and only for some species of
tsetse. Moreover, to be efficacious this control method demands regular target and trap
maintenance and the active participation of livestock-keeping communities where the traps are
deployed.
Another control method for trypanosomiasis relies on use of N'Dama (Bos taurus) and other
cattle breeds indigenous in West Africa that are able to tolerate infection with trypanosomes
(Figure 19). This genetic ability to resist the pathogenic effects of infection is called
'trypanotolerance'. (Livestock that are susceptible to trypanosomiasis are called
'trypanosusceptible' or, in this report, `susceptible').
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Figure 19. Some of the N'Dama (Bos taurus) cattle transferred to ILRAD from the Gambia as
frozen embryos and born in 1984. Indigenous to West Africa, N'Dama cattle tolerate infections
with trypanosomes. Studies on the immune responses of these cattle to trypanosome infection
are an important part of ILRAD's research into improving immune responses in cattle breeds
such as the Boran that are susceptible to trypanosomiasis.
It is believed that mechanisms to resist the disease evolved in trypanotolerant breeds because
of long exposure to the parasite: these cattle were probably introduced to the continent as long
as five to seven thousand years ago. The more widespread humped cattle breeds, such as the
Zebu (Bos indicus), which are susceptible to trypanosomiasis, appeared in Africa in large
number only about thirteen hundred years ago. Highly productive, genetically improved
European (Bos taurus) cattle breeds introduced in this century are extremely susceptible to
trypanosomiasis.
Use of trypanotolerant livestock, while making livestock rearing possible in tsetseaffected
areas, has two main drawbacks. First, many farmers believe these breeds are less productive
than others. (Although the meat production of trypanotolerant livestock compares favourably
with that of other breeds, the amount of milk. a critically important food in rural Africa.
produced by trypanotolerant cattle is relatively poor; in addition, trypanotolerant animals raised
under traditional farming practices are typically small in size and therefore are not ideal for
draught work.) Second, few such animals are available. In spite of their importance in tsetse-
infected areas where other livestock cannot survive, trypanotolerant cattle constitute only 5%
of the total cattle population in the 37 countries where tsetse occur (Figure 20). Although the
numbers of trypanotolerant animals on the continent are now increasing, they are doing so
only slowly.
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Figure 20. Countries in West and Central Africa where indigenous cattle breeds exist that
tolerate infection with trypanosomes. These so-called 'trypanotolerant' cattle breeds include
the N'Dama, the savannah West African Shorthorn and the dwarf West African Shorthorn.
(Based on 1980 data from the Food and Agriculture Organization of the United Nations
[Rome], the International Livestock Centre for Africa [Addis Ababa] and the United Nations
Environment Programme [Nairobi].)
 Towards development of a vaccine
The most cost-effective way of controlling infectious diseases is through immunization.
Successful vaccination against a pathogen exploits the ability of animals to control disease-
causing organisms by mounting an immune response. When an animal is infected with a
parasite, the host's immune system recognizes molecules exposed on the surface of the
parasite and targets an immune response to those molecules, called antigens (antibody
generators). This leads to the destruction and removal of the pathogen by 'effector'
components of the immune system.
Most vaccines contain one or more of these accessible molecules purified from the parasite.
These stimulate an immune response without having to expose the animal host to infection
with the whole organism. The immune system 'remembers' these antigens and, if the animal is
exposed to the pathogen, is primed and ready to control the infection. This response is faster
and qualitatively superior to the response elicited following primary exposure to the antigen. In
this way, vaccinated animals are able to eliminate parasites quickly and efficiently and stop the
development of disease.
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Results of cell and molecular biology studies of trypanosomes at ILRAD and elsewhere over
the years have established that a defense mechanism known as 'antigenic variation' has
evolved in trypanosomes to enable them to avoid elimination by the immune system. A
mammalian host can usually make good immune responses to the first wave of invading
trypanosomes by producing antibodies against antigenic glycoprotein molecules displayed on
the surface of the parasites. However, before all the parasites can be eliminated,
trypanosomes develop with different surface molecules not recognized by the animal's initial
immune response. This second wave of trypanosomes multiplies rapidly until the animal
produces new antibodies against the second kind of glycoprotein displayed on the parasite
surface, but then parasites appear displaying yet another glycoprotein molecule, and so the
process continues, the parasite population always keeping a step ahead of the host's immune
system (Figure 21).
Figure 21. Diagram illustrating the process of antigenic variation, which enables
trypanosomes to survive attack by the immune system of an animal host.
Trypanosomes are able to express many kinds of glycoproteins, designated 'variable surface
glycoproteins', or VSGs. The VSGs are a major cell product of the trypanosome, accounting
for 10% of all the proteins synthesized by the parasite. (It is estimated that between 300 and
1,000 trypanosome genes code for VSGs.) Each of the many different strains of trypanosomes
displays a particular set of VSGs. Further complicating the matter, genetic recombination
among trypanosome populations may occur in the field, increasing the potential for antigenic
diversity. Clearly, a conventional type of vaccine, which primes an animal's immune system
against only one or a few antigens, will not be broadly effective against trypanosomiasis. With
this in mind, ILRAD scientists are researching other methods, including new vaccine
applications, for controlling the disease.
 ILRAD's research approaches to improved trypanosomiasis control
Research into tsetse vector control and the development of new drugs is being conducted by
several other institutes. ILRAD's trypanosomiasis program specifically conducts research in
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four areas: epidemiology, trypanosome biology, host resistance and drug applications. The
epidemiology project conducts research in diagnosis and chemotherapy and maintains the
Laboratory's link with the African Trypanotolerant Livestock Network.
The aim of the trypanosomiasis program is to fulfill two broad objectives. The first is to meet
increasingly pressing requirements for immediate improvements in existing control methods.
This may be accomplished in two ways: by gaining a more complete understanding of the
epidemiology of trypanosomiasis, through development of improved tests for detecting
infection and identifying parasites, and by improving and making better use of current control
methods, particularly the employment of drug therapy and trypanotolerant livestock.
The second objective of the program is to translate long-term research into practical and
sustainable trypanosomiasis control through the development of novel control methods. Four
strategies drive ILRAD's trypanosomiasis research. (1) Identification of molecular
mechanisms. parasite components or physical or chemical processes. that could, through
intervention with new trypanocidal agents, be manipulated to disrupt parasite development or
to make the parasites more vulnerable to the defences of the mammalian host. (2)
Development of new therapeutics, other than trypanocides, on which to base treatment and
disease management. (3) Improvement of the immune responses of susceptible cattle to
trypanosome infection through a better understanding of the natural resistance to
trypanosomiasis displayed by trypanotolerant cattle. This work will also involve a search for
genetic markers that one day may be used to identify highly resistant animals for use in
livestock breeding programs. (4) Identification of trypanosome antigens that, by inducing
protective immune responses in cattle, are potential material on which to base vaccines.
 Diagnosis and epidemiology
Trypanosomiasis is just one of several factors that reduce cattle productivity. Better diagnosis
of trypanosomiasis would help researchers to define the disease problem more precisely, to
better understand the epidemiology of trypanosomiasis (the effect of the disease on livestock
populations) and to compare the impact of implementing various trypanosomiasis control
programs. Improved diagnostic techniques. accurate, simple and inexpensive. have long been
needed to detect trypanosomes in both the mammalian host and the tsetse fly vector.
Diagnosing infections with monoclonal antibodies that detect parasite antigens
An antigen-trapping enzyme-linked immunosorbent assay (ELISA) developed at ILRAD uses
monoclonal antibodies for the identification of parasite components in blood (Figure 22). This
ELISA has been shown to be sensitive and reliable in the detection of the three major tsetse-
transmitted trypanosome species that infect livestock, as well as in the detection of T. evansi
infections in camels and pigs.
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Figure 22. (a) Diagram of steps involved in using an antigen-trapping enzyme-linked
immunosorbent assay (ELISA) developed at ILRAD to detect trypanosome antigens in blood
from livestock. A multi-well plastic plate is coated with a particular monoclonal antibody. The
plate is washed, a test sample of bovine serum is added and incubated on the plate for a short
time and then the plate is washed again. If the antigen that the coating antibody recognizes is
in the sera, the antigen is trapped. To reveal the trapped antigen, unbound components of the
sera are washed off the plate and the same antibody that was used to coat the plate, now
labelled with an enzyme, is added to the plate. The labelled antibody binds to the trapped
antigen, forming an enzyme-containing complex. This complex is revealed by adding an
appropriate indicator system, which changes the colour of the sample according to the amount
of antigen present. (b) This assay may also be carried out using test tubes rather than a mult-
iwell plastic plate.
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In 1990, the antigen-trapping ELISA for use in tsetse-transmitted animal trypanosomiasis
continued to be evaluated in the field. The validation exercise is being jointly conducted by
ILRAD, the Food and Agriculture Organization of the United Nations, the International Atomic
Energy Agency and ten national agricultural research institutions (Figure 23). With the support
of the World Health Organization, ILRAD and six national research institutes also continued to
investigate how effectively the antigen-trapping ELISA can be used to diagnose human
trypanosomiasis.
Figure 23. Map showing the location of 15 institutions that are evaluating ILRAD's antigen-
trapping enzyme-linked immunosorbent assay kits to diagnose animal and human
trypanosomiasis. Filled-in dots: diagnostic kits for animal trypanosomiasis; circles: kits for
human trypanosomiasis (sleeping sickness).
A workshop is planned for May 1991 in which the results of the continent-wide evaluation will
be considered and decisions taken concerning the future development and deployment of the
system. During the year, ILRAD personnel visited a few national laboratories to solve minor
technical problems that occasionally arose with use of the assay.
At ILRAD, staff continued to find evidence of the efficacy and sensitivity of the antigen-
trapping ELISA. It was shown in 1990 to be capable of revealing parasite antigens in goats
and cattle that were carrying chronic T. congolense infections undetectable using the
microhaematocrit centrifugation method.
In studies conducted within the African Trypanotolerant Livestock Network in Gabon this year,
N'Dama cattle that showed no parasitaemia (appearance of parasites in the blood) were found
by use of the ELISA to be carrying trypanosome antigen. It was further discovered that the
growth rates and packed cell volume levels (the proportion of red blood cells in blood used to
estimate anaemia) of these antigenaemic but non-parasitaemic animals were similar to growth
rates and packed cell volume levels of animals free of both parasite antigens and parasites.
This finding highlights the potential value of antigendetection as distinct from parasite-
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detection systems when attempting to select highly trypanosome-resistant cattle among less
resistant animals in the field. The antigen-trapping ELISA is also proving to be a valuable tool
in laboratory studies of the basis of trypanotolerance.
Work continued during the year on cloning the T. congolense antigen recognized by a
diagnostic monoclonal antibody used in the ELISA. Characterization of a T. vivax-specific
antigen has now reached the sequencing stage. The objective in this research area is to make
defined antigens available for development of an inhibition antigen-trapping ELISA, which may
be even more sensitive than the existing technology.
Several parasite species-specific monoclonal antibodies have now been raised at ILRAD to
forms of trypanosomes that occur in the tsetse fly. The efficacy of these monoclonal antibodies
in detecting fly infections will be determined over the coming year.
 Diagnosing infections with nucleic acid probes that detect parasite DNA
Many DNA PROBES have been developed at ILRAD and elsewhere over the last several
years. Rather than detecting the antigenic products of trypanosome genes, as the ELISA
does, these probes detect the genes themselves. DNA probes are superior to the other
available diagnostic techniques in terms of specificity, sensitivity and ease of use when large
numbers of samples need to be examined for parasite detection and characterization. Most of
the DNA probes developed to date are tagged with radioisotopes so that their hybridization
with genetic material obtained from parasites can be visualized.
A panel of species- and subspecies-specific DNA probes has been developed at ILRAD and
used to detect and characterize trypanosome samples collected from experimental infections
of tsetse flies and laboratory animals as well as from animals in the field. Methods developed
at ILRAD to optimize the collection of blood from animals and materials from tsetse flies were
tested and shown to be useful for the proper storage of samples isolated in the field before
transportation to the laboratory for analysis.
Although use of DNA probes to detect parasites has great advantages over more conventional
detection methods, the technique also has disadvantages, the greatest being its reliance on
radioisotope labelling. Because of the hazards, short shelf-lives and high costs and
operational difficulties involved in use of radioisotopes, alternative ways of labelling DNA
probes are now being explored. ILRAD staff aim to develop probes that are both safer than
the radiolabelled probes now widely used in advanced laboratories and easier to use in the
field.
 Trypanosome Biology
 Drug resistance in trypanosomes
The livestock industry in Africa has traditionally depended heavily on trypanocidal drugs both
to prevent and to treat trypanosomiasis. Drug treatment currently relies on the salts of three
compounds. isometamidium, homidium and diminazene. which are closely related chemically
and have been used for more than 30 years. When rationally applied, these drugs have
effectively controlled the disease, but reports indicate that the incidence of parasite resistance
to the compounds is increasing.
Because chemotherapy will play a major role in controlling trypanosomiasis in livestock for
many years to come while researchers investigate other control methods, ILRAD staff
members in 1987 began studies to determine ways of maintaining the long-term efficacy of the
compounds now in use. The detailed information they are obtaining on how the drugs act on
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trypanosomes, on how the parasites develop resistance to the drugs, and on the
pharmacokinetics of the drugs. how the mammalian host transports, metabolizes and excretes
the compounds. is laying the groundwork for devising better ways to use the drugs in the field,
including treatment strategies that militate against the advent of drug-resistant parasite
strains.
 Levels of drug resistance
To develop ways to combat drug resistance, researchers first need to know how prevalent the
resistance is and how the levels of resistance vary among field populations of trypanosomes.
To this end, trypanosomes obtained from sites across Africa were characterized IN VIVO. The
Laboratory now has a collection of populations expressing various levels of resistance to the
different trypanocides used to treat domestic livestock.
The development and assessment of an antibody-based ELISA for measuring levels of
isometamidium in mammalian blood was undertaken during the year in collaboration with the
University of Glasgow. With IN VITRO techniques and culture systems developed at the
Laboratory, researchers are determining the levels of drug resistance in various populations of
parasites. For example, two assays of sensitivity to isometamidium. a long-term viability test
and a drug incubation survival test. gave encouraging results with T. vivax epimastigote
(forms that occur in the tsetse fly) and bloodstream forms, respectively, that correlated with
sensitivities determined in vivo.
ILRAD's trypanosomiasis program continued in 1990 to give support to the African
Trypanotolerant Livestock Network, whose headquarters are in Nairobi. The program provided
the Network with the services of a technologist who helped to establish tsetse control
measures at two sites in Ethiopia, Ghibe and Tolley, where parasite resistance to trypanocides
is a serious threat to trypanosomiasis control operations. Trypanosome isolates from the two
sites were brought to ILRAD for studies of the basis of the drug resistance occurring in those
areas. All the isolates examined to date are T. congolense, and 12 of 13 of them have shown
significant resistance to diminazene aceturate, isometamidium chloride and homidium.
 Mechanisms of drug resistance
Both the scope and depth of ILRAD's research on the mechanisms by which trypanosomes
evade the harmful effects of trypanocidal drugs increased in 1990. The availability of in vitro
assays, of cloned parasites of differing drug sensitivities, and of methodologies to discriminate
among the different PHENOTYPIC and GENOTYPIC characteristics of different clones.
together with an ability to conduct studies in relevant host species. have contributed to the
increasing strength of the Laboratory in this area.
Drug resistance is a complex phenomenon, with multiple factors contributing to trypanosome
resistance and different mechanisms being responsible for resistance among different parasite
species. In studies conducted at ILRAD in 1990, levels of drug resistance in T. congolense
were shown to vary with time during both in vivo and in vitro maintenance not only among
clones derived from a drug-resistant parasite but also among subclones derived from one
clone. These findings suggest that parasite resistance is not a stable phenotype, that is, the
level of resistance expressed in a parasite population may alter even when that population
has never been exposed to the drug. On the other hand, it appears that a T. vivax cloned
population has maintained its drug resistance phenotype in the absence of drug selection over
a period of years in culture.
Further progress was made in characterizing an extrachromosomal genetic element earlier
discovered in a multi-drug resistant stock of T. b. brucei. Over the coming year, the
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occurrence of this element will be examined in both drug-resistant and drug-sensitive
trypanosome stocks and isolates, and the element will be SEQUENCED.
In other experiments, scientists are determining if genetic recombination in the sexual cycle in
trypanosomes can transfer the mechanisms of resistance; if this is established, researchers
will begin to look for associations between the resistance phenotype and various phenotypic
and genotypic markers. If successful, this experiment may be expected to yield markers of the
genes controlling resistance.
 Cultivating trypanosomes in the laboratory
Underpinning much of ILRAD's research in the trypanosomiasis program is the ability to grow
large quantities of trypanosomes successfully in culture (Figure 24). Trypanosomes grown in
the Laboratory are used by scientists conducting studies in areas as varied as bovine
immunology and genetics, trypanosome drug resistance and responses to antibodies, the
differentiation process in trypanosomes, and important metabolic pathways and molecular
mechanisms in the parasites. The culture systems developed at ILRAD for growing and
maintaining trypanosomes have been increasingly refined over the years so that the parasites
may be cultured under increasingly defined conditions.
Figure 24. A laminar flow hood and a collection of the apparatus used to cultivate
trypanosome parasites in the laboratory. Much of ILRAD's trypanosomiasis research relies on
the availability of trypanosome strains grown artificially, in culture, in addition to parasites
developed naturally in the tsetse fly vector and mammalian host. ILRAD staff members are
constantly refining parasite culture
It has been possible for some time to culture the different forms of T. b. brucei without the aid
of feeder-layer cells (termed an 'axenic' culture). A recent major advance has been the
development of culture systems for maintaining all life cycle stages of several T. congolense
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populations without feeder layers. In the coming year, the serum components essential for in
vitro maintenance of T. congolense will be defined further. This work was stimulated in the
past year by the discovery of biochemical differences between transferrins. molecules in the
blood that transport iron essential for both parasite and animal cells. in calf and young goat
serum and the subsequent finding that the goat serum appears to be the more successful
supplement of growth media for axenic culture of T. congolense.
 The process of endocytosis in trypanosomes
The basic biology of the trypanosome is studied at ILRAD to investigate processes that are
likely targets for drug or immunological attack. Of particular interest to ILRAD staff is the
process of 'endocytosis'.
Trypanosomes, like all organisms, need nutrients to live and grow. The parasites obtain these
nutrients from their environment by taking up molecules and particles in a process known as
endocytosis. Past studies using the electron microscope have shown that trypanosomes draw
in molecules by way of a structure named the flagellar pocket (Figure 25). Molecules binding
to the surface of the trypanosome, including antibodies, have been found also to be engulfed
in this way. Therefore, in addition to changing its surface coat of proteins to avoid antibody
binding, the parasite seems able to take up antibodies, and possibly in this way to neutralize
their effect. It was demonstrated during the year that clearance of antibodies from the surface
of the trypanosome in this way renders parasites in vitro resistant to the effects of
'complement', the collective name for a group of proteins in mammalian blood so named
because they complement and amplify the action of antibodies to cause the lysis (rupture) of
parasites.
Figure 25. Schematic diagram of a trypanosome of the Trypanosoma brucei group in its
intermediate bloodstream form, illustrating the major organelles.
One approach to learning more about the physical organization of the endocytic pathway is to
determine the functional activity of defined fractions and subcomponents of trypanosomes. In
1990, in collaboration with scientists from the European Molecular Biology Laboratory
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(Heidelberg), a free-flow electrophoresis technique was used to separate microsomal
trypanosome fractions. The fractions obtained were characterized to some extent on the basis
of demonstrations of enzymatic activity.
Progress was also made during the year in purifying and characterizing a receptor molecule of
T. b. brucei that recognizes and binds to transferrin circulating in the blood of the mammalian
host. The receptor appears to be much smaller than its mammalian equivalent. The possibility
that trypanosomes have, and make use of, receptors to mammalian growth factors will be
examined in the coming year.
Parasite enzymes that break down proteins, called proteases, appear to be involved in the
endocytic process. A lysosomal thiol protease of T. congolense was purified in 1990.
Antibodies to the enzyme have proved to be valuable markers of the lysosome. An important
discovery made during the year was that this enzyme is better recognized by antibodies in the
sera of trpyanotolerant N'Dama cattle recovering naturally from infections than in Zebu cattle
that required treatment to recover from infection. Furthermore, the enzyme is detectable in the
sera of cattle early in an infection and so is a possible cause of the immune and physiological
dysfunctions that characterize trypanosomiasis in animals. The degree of protection afforded
livestock by immunization with the purified molecule, and the possibility that it is involved in
the pathogenesis of the disease, are subjects of current studies.
 Trypanosome genetics
 Molecular genetics of trypanosomes
Much still needs to be learned of the genetics of basic functions in the trypanosome. An
important goal of the trypanosomiasis program is to better understand the mechanisms
involved in genetic recombination, sexual and otherwise, which would help solve important
epidemiological questions concerning the extent that diversity in trypanosome populations is
being generated in the field. Of particular interest is the identification of trypanosome genetic
functions that could be interfered with and the identification of trypanosome genes and their
protein products that are directly involved in levels of drug resistance in parasites, degrees of
immunity induced by parasite antigens, degrees of virulence in parasites and the development
of disease in cattle.
The technology required to transfect DNA into trypanosomes and to identify which organisms
internalize exogenous genetic material continued to be developed in 1990. Application of
transfection techniques led to an interesting and important finding: it was shown that it is
possible to restore a degree of virulence to T. b. brucei attenuated (weakened) in culture by
transfecting into the attenuated parasites DNA derived from a virulent clone. Rescue of the
transfected DNA from the formerly non-virulent organisms could lead to the identification of
genes that control the virulence trait in these parasites.
 Genetic control of the differentiation process
In the mammalian host, while adapting to conditions that occur in the tsetse fly vector, T. b.
brucei change from actively dividing slender forms to non-dividing stumpy forms (Figure 26). If
the parasites did not stop proliferating, all mammalian hosts would eventually be overwhelmed
by parasites and the life cycle of the trypanosomes would be broken. The change to non-
dividing forms perhaps ensures trypanosome survival by ensuring that some parasites are
transmitted onward to the parasite's intermediate host, the tsetse fly. This change to stumpy
forms is of particular interest to ILRAD since the switch may provide a clue to the regulatory
genes responsible for the differentiation.
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Figure 26. Light micrograph of slender and stumpy forms of Trypanosoma brucei brucei in
mouse blood. The clear structural differences between the two life cycle stages is
accompanied by biological and biochemical differences.
Studies are being carried out of trypanosome genes that, because they are active only in
certain stages of the life cycle, might control processes of differentiation and adaptation to
mammalian or insect hosts. A novel approach to identifying stage-specific genes in
trypanosomes was developed during the year. This involves the use of genetic sequences
normally associated with expressed RNA (ribonucleic acid), together with a genetic element
widely distributed in the trypanosome genome (called a transposable element), to amplify DNA
of different life cycle stages and thereby identify differentially expressed parts of the genome.
 Host immune responses to infection
Understanding how immune responses to trypanosomes are generated in livestock may lead
to an ability to manipulate those responses so that they stop the proliferation of parasites.
Studies of the responses to infection of bovine B cells, which produce antibodies to
trypanosomes, and of T cells, which effect and regulate various immune mechanisms,
including some aspects of antibody production, were continued in 1990. Scientists also
continued to study macrophages, which ingest and destroy parasites of different kinds, and
which, like T cells, are involved in the regulation of bovine immune responses.
The production of large amounts of antibodies is a feature of trypanosomiasis, and the ability
of antibodies to neutralize parasites carrying the particular antigen used to induce them is well
documented. Therefore, research into factors affecting the generation of antibody responses,
including factors leading to B-cell activation and the roles of accessory cells and soluble
factors, is being undertaken by the program. This research is stimulated by the possibility that
with increasing knowledge and increasing availability of 'invariant' antigens, which comprise all
the molecules of the parasite other than its surface glycoproteins, it may become possible to
generate antibody responses that protect livestock against challenge with a broad range of
trypanosome strains.
Having produced over 40 trypanotolerant N'Dama cattle, the first ten by implanting embryos
obtained in 1983 from Gambian cows into foster mothers of an East African Zebu breed called
Boran (Figure 27), ILRAD has a unique opportunity to study, under controlled circumstances,
the immune responses of these animals to infection and to define the mechanisms of
tolerance. A major area of research in 1990 was a comparison of the responses of N'Dama
with those of susceptible Boran cattle.
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Figure 27. An N'Dama calf with her Boran foster mother.
Results of this research show that the N'Dama are capable of a superior antibody response
during infection and are also able to control infection better than their susceptible Zebu
counterparts. The two breeds differ in the quantity, quality and specificity of antibodies they
generate. The trypanotolerant N'Dama cattle produce higher levels of anti-VSG specific
antibodies than the Boran, they produce more IgG1 antibodies to invariant trypanosome
antigens, and they produce a greater response to two trypanosome-derived molecules, one of
which may be useful in diagnosis while the other may have important implications in the
control of the disease. More work is required to determine the relevance of these superior
antibody responses in trypanotolerant cattle. This research, together with studies being carried
out on other aspects of the bovine immune response to trypanosome infection, will determine
whether the immune system plays a primary role in controlling trypanosomiasis in
trypanotolerant livestock.
Antibody responses to trypanosome infection also appear to be more specific in N'Dama than
in Boran cattle, where there is evidence of greater production of antibodies to irrelevant
antigens during infection. Most antibody responses require the help of T cells in their
generation and maintenance. T cells may be particularly important in the maturation of
antibody responses. Results of comparative experiments indicate that N'Dama cattle make
earlier and more persistent T-cell responses to trypanosome antigens and recognize a greater
repertoire of the antigens than the susceptible Boran.
 Pathogenesis intrypanosomiasis
 The development of anaemia
A striking and obvious feature of trypanosome infection in susceptible cattle is anaemia,
although little is known of the mechanisms involved in its induction. It has been reported that
there is a decreased half-life of red blood cells in cattle suffering from the disease. It is now
also apparent that the capacity to maintain normal levels of red blood cells during
trypanosome challenge is a feature of trypanotolerant animals and that this trait is highly
heritable.
Previous work has demonstrated that during infection of susceptible cattle, macrophages,
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which are usually thought of as playing a protective role in infections, inflict self-harm by
engulfing and destroying red and white blood cells and their progenitors in the bone marrow.
Results of studies conducted in 1990 corroborated this (Figure 28). In vitro phagocytosis of
red blood cells by macrophages increased in both N'Dama and Boran cattle undergoing
experimental infection, but the rate of increase was significantly higher in the Boran.
Figure 28. Light micrograph of a large macrophage from the bone marrow of a calf infected
with Trypanosoma vivax. Mature and immature red blood cells have been engulfed by the
macrophage. A single trypanosome lies adjacent to the macrophage.
The role of cytokines
New studies were begun at ILRAD this year of the role of cytokines in trypanosomiasis.
Cytokines. such as tumor necrosis factor, gamma interferon and interleukins. are released by
macrophages that have been activated by infection. In a healthy animal, cytokines function as
modulators of the immune system, but they may have toxic effects on cells of the animal,
including those of the endocrine system, if they are produced in excess. Attempts will be made
to identify parasite components that may trigger a cascade of events leading to the harmful
activation of macrophages in livestock.
 Hormonal dysfunction
Hormones produced by the adrenal gland, particularly cortisones, are important in controlling
the effects of stress and in protecting mammals from toxic products produced by parasites.
Hormones also help regulate host molecules that may adversely affect animals when the
molecules are overproduced during an infection. Work of the previous year showed that
circulating levels of cortisol were depressed in susceptible cattle during trypanosome infection.
Further collaborative studies with scientists from the Institute of Primate Research (Nairobi)
have now shown that whereas the adrenal gland is capable of a normal response to ACTH,
the response of the pituitary gland. which orchestrates the activity of many hormones,
including cortisol. to the corticotropin releasing factor is compromised in infected animals.
Electron microscopic examinations made in the year revealed large numbers of T. congolense
parasites in the pituitary glands of challenged animals and loss of pituitary architecture (Figure
29).
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Figure 29. Electron micrograph of part of the pituitary gland of a Boran cow infected with
Trypanosoma congolense showing the presence of a group of trypanosomes (T) within the
lumen of a blood vessel. The presence of trypanosomes within the microvasculature of the
pituitary gland correlates with localized degenerative changes within the region of the glands
and with pituitary dysfunction in general.
The role of cytokines and/or parasite enzymes in inducing pituitary lesions and abnormal
hormonal function is still unknown. As with anaemia, these manifestations of disease may be
consequences of a more fundamental dysfunction induced by trypanosomes in susceptible
host livestock.
 Genetics of host resistance to trypanosomiasis
Any future methods developed to increase livestock resistance to trypanosomiasis and to
decrease the pathogenic effects of infection would greatly alleviate the animal trypanosomiasis
problem in Africa and in addition would help advance research of human trypanosomiasis and
other trypanosome-caused diseases that occur in the tropics. Host resistance to the parasites
might be increased in several ways. Vaccination to generate effective immune responses in
livestock would, in addition to being of inestimable value in itself, constitute a major biological
advance. An understanding of how trypanosome infection produces disease would lead to
more effective treatment and would help further the development of livestock types able to
resist the harmful effects of infection. An understanding of trypanotolerance would facilitate
better use of trypanotolerant animals and, through genetic manipulations, might allow the
transfer of trypanototerant trait(s) to cattle breeds that, although susceptible to
trypanosomiasis, possess other desirable characteristics, such as good productivity.
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Genetically mediated resistance to the effects of trypanosome infection clearly exists, but the
nature of the mechanisms involved and their genetic control are not yet understood. Previous
work undertaken within the African Trypanotolerant Livestock Network demonstrated that
trypanotolerance is heritable, as measured by an ability of trypanotolerant cattle to maintain
normal red blood cell levels and to control parasitaemia while under trypanosome challenge in
the field.
 Mapping the genes associated with trypanotolerance
With the availability at ILRAD of trypanotolerant N'Dama cattle and a unique ability to assess
their responses to parasite challenge under controlled circumstances, an ambitious project
was initiated in 1990 to locate the genes that are responsible for trypanotolerance. As a first
step, scientists began work to identify markers of trypanotolerance trait(s). Such markers will
help identify trypanotolerant animals, obviating the necessity of challenging animals with
trypanosomes to determine which are trypanotolerant. It is hoped that the markers will
ultimately be used to identify the bovine genes that control resistance. This work currently
involves both the identification of potential marker locations on the chromosomes and the
generation of a population of cattle segregating trypanotolerance. These studies are being
broadened through collaboration with Japanese scientists and support from the Japan
International Co-operation Agency to encompass potential markers of various kinds in cattle
blood.
During the year, a start was made to identify `microsatellites'. simple DNA nucleotide
sequences that occur with a high frequency in the mammalian genome. Microsatellites provide
a potentially powerful marker system. They were exploited in 1990 to synthesize
oligonucleotides. short, single-stranded synthetic DNA molecules. that hybridize specifically
with chromosome regions flanking the micros atellites. The oligonucleotides serve as primers
in the polymerase chain reaction to produce labelled copies of the microsatellite regions. The
length polymorphism of the copies can then be determined by reducing polyacry-lamide gel
electrophoresis to give markers at known sites within the genome.
Ultimately, this approach will provide a set of linked and mapped markers for the bovine
genome. Such work is labour-intensive, both in the identification of markers and their locations
and in the determination of their distribution throughout the genome. However, work in
developing a linkage map of the bovine genome will almost certainly involve collaboration
among several advanced laboratories.
The new project to map the trypanotolerance genes requires large numbers of closely related
crosses of trypanotolerant and susceptible cattle. The availability of such families will greatly
simplify the search for genetic markers of trypanotolerance. Using embryo transfer expertise
developed at ILRAD over the last several years (Figure 30), ILRAD staff in 1990 produced the
first N'Dama-Boran cross-bred calves; by the end of the year, 75 such calves were born
(Figure 31). At about one year of age, the calves will be challenged for the first time with T.
congolense naturally through the bite of infected tsetse flies (rather than artificially through
needle injection). Responses to the challenge, including packed cell volume levels, parasitosis
and serological responses, will be recorded. As calves become available, they will be
challenged monthly until all members of four full-sibling families, each family consisting of 30
cross-bred calves, have been PHENOTYPED for aspects of trypanotolerance. A second filial
generation will then be produced. The animals will be examined for white blood cell antigen
and biochemical polymorphisms and will be GENOTYPED with DNA markers as these are
developed at ILRAD and other laboratories.
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Figure 30. The splitting of a bovine embryo before implanting in a foster Boran mother.
Figure 31. The first Boran-N'Dama crossbred calves produced at ILRAD using embryo-
transfer technology were born on ILRAD's Kapiti Ranch in 1990. By the end of the year, 75
Boran-N'Dama crosses had been produced. Large families of these cattle are needed for a
new research project to locate the genes responsible for trypanotolerance, an ability of
N'Dama and other livestock breeds indigenous in Africa to remain productive while infected
with trypanosomes.
 Summary
The trypanosomiasis research program made several important advances in 1990. In parasite
biology, ongoing characterization of parasite molecules has facilitated the rapid identification of
parasite components that dominate the immune response of the mammalian host.
Our knowledge of parasite genetics was strengthened during the year, with further information
obtained on the fundamental principles of gene control. This research, in addition to
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highlighting parasite vulnerabilities that could be targets for novel control methods, could have
broad implications for an understanding of protozoal genetics in general. Research on genetic
recombination in trypanosomes received more attention this year in the knowledge that we will
not completely understand the epidemiology of trypanosomiasis until we know how and to
what extent parasite diversity is generated in the field.
More information was obtained on how the immune system of cattle responds to trypanosome
infection. Studies begun during the year on the role that cytokines may play in both parasite
control and pathogenesis are unifying efforts to understand the immune responses and the
pathology in trypanosomiasis. It is clear that the latter are closely connected in
trypanosomiasis and that they may, indeed, be manifestations of the same basic mechanisms.
The start of work to produce a linkage map of the bovine genome, and its application to the
search for markers of trypanotolerance, is a landmark in the evolution of ILRAD's research
program. The development of a relatively fine definition linkage map of the bovine genome
has potential uses that go far beyond that of providing a means for understanding
trypanotolerance. To fulfil its promise, however, this research area will require a strong
commitment over the coming years in both financial and staff support.
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Epidemiology and Socioeconomics
Members of ILRAD's epidemiology and socioeconomics program conduct research into factors
likely to enhance or impair disease control initiatives in Africa. The program has three main
objectives: (1) to determine what governs the successful application of improved livestock
disease control measures, particularly the widespread use of immunization for theileriosis and
trypanosomiasis, under diverse circumstances; (2) to predict the likely epidemiological, social,
economic and environmental outcomes of improving control of these diseases in given areas;
and (3) to suggest control strategies that would most benefit particular agroecological areas,
groups of cattle keepers and mixed farmers, and local and national governments.
The program has initially focused on theileriosis and other tick-borne diseases. (Theileriosis
encompasses infections with several species of Theileria; in this report, unless otherwise
stated, theileriosis refers only to infections with T. parva.) Effective procedures for immunizing
cattle against theileriosis using broadly immunogenic stocks of Theileria parva parasites in the
infection-and-treatment method are now available, and the prospects of developing genetically
engineered vaccines for this and other tick-borne diseases are good. These improved and
new technologies will put more effective tools for the control of tick-borne disease at the
disposal of veterinarians and farmers in the eleven countries of eastern, central and southern
Africa where theileriosis occurs (Figure 32).
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Figure 32. The eleven countries of Africa where infections with Theileria parva greatly impede
cattle production and improvement. The map shows the distribution of cattle, of the tick
Rhipicephalus appendiculatus, the vector that transmits T. parva to cattle, and of areas where
the presence of cattle and tick overlap. In general, the distribution of R. appendiculatus is
synonymous with that of T. parva. However, in a few areas, such as western Zambia and
coastal regions of South Africa, the tick is present without the parasite.
The new technologies being developed, however, will not be used to immunize all cattle in the
theileriosis-endemic area. For example, where strong ENDEMIC STABILITY exists. such as
areas where most Zebu cattle acquire immunity to tickborne diseases when they are calves
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through natural exposure to T. parva.no tick-borne disease control strategy may be required.
More commonly, however, ENDEMIC INSTABILITY exists because the tick challenge is low or
intermittent, because tick control is ineffective, or because highly susceptible taurine cattle
(Bos taurus) or taurine-Zebu crosses are kept; in these areas, there will usually be strong
justification for implementing new disease control measures.
The risk to livestock of T. parva infection varies considerably from area to area, depending on
such variables as climate and vegetation, types of livestock kept, farm management and
livestock production systems used and the type(s) of tickborne disease control, if any,
currently practised. To determine which livestock populations would most benefit from
immunization, these factors must be assessed to ensure that new disease control programs
will be compatible with the needs of farmers, with the natural resources of an area, and with
the priorities of governments. In this way, the viability as well as productivity of farming
systems may be improved over the long term. To make accurate assessments of all the
variables has required the development of suitably sensitive methodologies and technologies.
Members of the ILRAD program collaborate, particularly in the collection and analyses of data,
with scientists and disease control officers in other organizations. These include the Australian
National University, the Commonwealth Scientific and Industrial Research Organisation
(Australia), Imperial College of the University of London (UK), the International Livestock
Centre for Africa (ILCA, Addis Ababa), the Kenya Agricultural Research Institute (KARI),
extension services of the Kenya Ministries of Agriculture and Livestock Development, Texas
Agriculture and Mechanical University (USA), the United Nations Environment Programme
(Nairobi) and the Zimbabwe Department of Veterinary Services. In much of this collaborative
work, scientists from national agricultural research institutes are being trained to use the
technologies developed at ILRAD so that research and control organizations throughout the
continent may make assessments of the environmental and socioeconomic impact of
improved livestock disease control in particular areas.
 Estimating the costs of theileriosis and the economics of its control
In 1988, the 11 countries where theileriosis occurs had an estimated human population of 175
million, or 29% of the total population of people in Africa. The total land area in the endemic
region is estimated at 156 million hectares, or 19% of Africa's total. The percentages of
national land areas affected by theileriosis vary widely, from less than 1% in Sudan to 22% in
Kenya, 58% in Zimbabwe and almost 100% in Burundi. The region affected by theileriosis was
estimated to have a cattle population of 24 million in 1988, or 13% of all cattle in Africa. In 10
countries (excluding Mozambique), livestock in 1986 contributed 21% of the total agricultural
gross domestic product (GDP) of US$16 billion and 8% of the total national GDP of US$42
billion. The contribution of livestock to the agricultural GDP varied substantially from country to
country, from about 5% in Burundi, Rwanda and Malawi to 31% in Tanzania and Zambia to
35% and 39% in Zimbabwe and Kenya, respectively.
Sparse and insufficient data exist on how theileriosis affects livestock production in endemic
areas and what effect immunizing cattle by the infection-and-treatment method could have on
disease occurrence and livestock productivity. In 1990, ILRAD staff developed methods to
assess the costs of theileriosis and the economics of its control. Using a computer
spreadsheet model, staff estimated the direct costs of the disease in 1989. Input values in the
model were derived from data published in scientific literature and augmented by value
assumptions and informed opinion of scientists with extensive knowledge of the disease in the
field. Although not definitive, preliminary results of running the model provide the most
complete estimate of the economics of theileriosis now available.
The total regional cost of theileriosis was estimated to be US$168 million in 1989, with an
estimated mortality of 1.1 million cattle (Figure 33). The spreadsheet model was then run to
Epidemo
file:///C|/Users/dhmichael/Desktop/fulldoc_html/Ilrad90/Epidemo.htm[5/19/2016 4:30:39 PM]
test the effect of implementing immunization. The assumption was made that annual
immunization using the infection-and-treatment method would be given to all calves under one
year old as well as to susceptible adult cattle in, or introduced to, an endemic area. Results
indicated that immunizing animals at a cost of US$2.50 per animal would yield high economic
returns. The regional cost of the disease in this analysis was reduced by 26, 31 and 36% at a
0, 25 and 50% reduction in acaricide application; the benefit: cost ratio of implementing
immunization was 9, 12 and 17, respectively. Results of another analysis indicated that
immunization would remain economically viable up to a cost of US$4.75, 6.25 and 7.75 per
animal with 0, 25 and 50% reduction in acaricide use, respectively. These estimates will be
refined as further data become available.
Figure 33. Calculated economic losses in 1989 due to Theileria parva infections in eleven
African countries. The total economic loss was estimated to be US$168 million. (Figures are in
US$ millions.)
 Studies at the farm level: Kenya
To determine target cattle populations for the application of vaccines to control East Coast
fever (ECF), ILRAD continued to collaborate with national research institutes in Kenya in
conducting detailed farm level studies in two contrasting areas of Kenya. In the Kaloleni
Division of Kilifi District, a subhumid coastal region, ILRAD, KARI and ILCA are pooling
expertise and resources to test the efficacy of the infection-and-treatment method under field
conditions, to estimate the size and distribution of livestock populations, to assess and quantify
the role livestock play in agriculture and society, to determine the prevalence of T. parva
infection, and to determine the age at which infection most commonly occurs (by season) and
case-fatality rates in susceptible calves. The farm-level data produced in these studies are
being input in computer models to assess the economic impacts of using alternative ECF
control strategies under various production systems.
Results of a series of studies undertaken by KARI on government and parastatal farms in
Kenya's Coast Province showed that the infection-and-treatment immunization method
effectively controlled ECF, as measured by the development of serum antibodies and a
reduction in disease incidence. (The numbers of clinical reactors in these studies were
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generally low, about 1. 4%) A livestock census conducted in Kaloleni Division gives a
breakdown of cattle numbers by type, age, location, herd size and agroecological zone. The
survey indicates that 1.5% of the 57,516 cattle in the area were genetically improved taurine or
taurine-cross cattle.
A farm enterprise study was conducted jointly by ILRAD, KARI and ILCA staff on a stratified
sample of 77 farms in the division. The data collected confirm the important role livestock play
in the African household economy, although wide variations were found among agroecological
zones. Cattle enterprise generated a mean annual gross margin of US$210 per animal in
taurine-cross herds and US$84 in Zebu herds. On average, livestock contributed 70% of farm
investment, 40% of farm-generated income (and 12% of total household income), again with
wide variations occurring among agroecological zones, types of cattle herds and grazing
management systems. The contribution of livestock to investment and income tended to be
higher in low rainfall areas, on farms that kept Zebu cattle and on farms that practised non-
intensive management systems.
Similar studies will be made in Uasin Gishu District, a highland area (altitude 1680. 1980 m) in
Kenya's Rift Valley Province, to provide a contrast to the Kaloleni surveys. In preparation for
field trials of theileriosis immunization by infection and treatment in Uasin Gishu District, a
project is under way to characterize the main farming systems in the district and to identify
target populations for tick-borne disease control (Figure 34). Results of this study will portray
both spatially and across the socioeconomic spectrum the variability in cattle management
conditions and strategies likely to impinge on theileriosis risk and its effective control.
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Figure 34. Staff members of ILRAD and the Kenya Agricultural Research Institute collecting
blood samples in a survey of the presence of antibodies to Theileria parasites in cattle in Uasin
Gishu District, Kenya. Results of this survey, conducted in September, will help researchers
target which cattle populations in the district will most likely benefit from immunization by the
infection-and-treatment method.
In 1989, farm data specific to each of Uasin Gishu District's 640 pre-independence Land
Registration Units were collected and entered in a computerized database and a geographic
information system computer software program. The 640 land units were stratified according
to four key variables: agroecological zone, farm size, land tenure and cattle types. From data
collected in 1990, ILRAD and KARI scientists made detailed descriptions of the variabilities in
farming and livestock production systems in the district. These descriptions will be key
considerations in the strategic implementation of improved tick-borne disease control
programs. The data obtained have also been used to make a provisional typology of farming/
livestock production systems in Uasin Gishu District. East Coast fever control strategies may
then be tailored to meet the characteristics and apparent requirements of these system types.
In preparation for field trials of the infection-and-treatment method of ECF control in Kaloleni
Division, ILRAD scientists conducted an ethnoveterinary survey to gauge the depth of local
knowledge of livestock diseases. Understanding how much farmers know about diseases and
disease-control measures will help veterinary officers and extension agents to implement this
and subsequent disease control programs. Interviews were conducted with 158 cattle-
keepers, who volunteered a total of 515 identifiable cattle disease syndromes. In general,
there was poor understanding of the role ticks play in spreading ECF and there was much
overlap in classification of the diseases. This ambiguity suggests that any campaign directed
at controlling a given disease should be identified to the public as a campaign aimed at the
entire range of locally defined syndromes likely to correspond with the disease in question.
ILRAD staff continued studies in Kaloleni Division to determine the prevalence of antibodies to
T. parva in animals of three age strata and of the two main cattle types (taurine-crosses and
Zebu) of this area kept under three different management systems (zero, semi-zero and free-
range grazing). A widespread prevalence of antibodies to T. parva was found in all age strata,
in both cattle types and under all three production systems. This high prevalence rate
demonstrates the widespread endemicity of ECF and a high level of population immunity,
which, in the face of continued reports of ECF, suggests that infection, and thus mortality,
occurs early in life. Studies are under way to determine at which age immunization should be
carried out in Kaloleni Division to reduce mortality as well as to determine case-fatality rates
following infection. Another study is correlating the presence of circulating antibodies to T.
parva schizont antigen with the prevalence of immunity to the Marikebuni stock of T. parva.
 Studies at the national level: Zimbabwe
Compulsory dipping. he regular application of acaricides to cattle. was introduced in
Zimbabwe in 1914. Dipping was initially introduced to control ECF, but following the
eradication of ECF in 1954, compulsory dipping was continued to control other forms of
theileriosis (January disease and Corridor disease) as well as the tick-borne diseases
babesiosis, anaplasmosis, heartwater and the harmful effects of ticks per se (called 'tick
worry'). A breakdown in dipping services in the 1970s, during the war of independence,
caused heavy losses from tick-borne diseases. Following independence, in 1980, intensive
dipping was reintroduced, but since 1984, Zimbabwe's Veterinary Department has been
moving away from a policy of total tick control to one of selective control and endemic
stability.
In collaboration with workers in the Zimbabwe Department of Veterinary Services, members of
ILRAD's Epidemiology and Socioeconomics Program have carried out a cost efficacy study
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that compares the control of ticks and tick-borne diseases in Zimbabwe using three alternative
control strategies: an'intensive dipping' strategy, where cattle are dipped as often as twice a
week; a 'reduced dipping' strategy, where cattle are dipped once a fortnight in the summer
months and once a month the rest of the year, making a total of 21 acaricide immersions
annually; and a 'strategic and minimal dipping' strategy, which combines strategic dipping
(weekly dipping during the summer months, for a total of 12 immersions, supplemented by
natural or artificially induced herd immunity to tick-borne diseases) and minimal dipping (a
total of 4 immersions annually). The choice of 'intensive', 'reduced' or 'strategic and minimal'
dipping, and the selection of diseases for immunization, will vary by region.
The study team has identified target cattle populations by zone for each control strategy and
has made projections of the likely consequences of implementing the alternative strategies.
The team assumed that strategic and minimal dipping would be applied after a two-year
transitional period of reduced dipping. Resources that would be expended under each strategy
were costed and projected over a 20-year period. Both the 'reduced' and the 'strategic and
minimal' dipping strategies were predicted to be more cost effective than an intensive dipping
strategy. Results of the study suggest that adoption of strategies that reduce acaricide use
would ensure substantial savings for the Zimbabwe Government while causing no increase in
the incidence of tick-borne diseases. The Zimbabwe Department of Veterinary Services is
following up this study with a national survey of the prevalence of antibodies to tick-borne
diseases for the purpose of validating the assumptions made in the cost-efficacy study.
 Computer modelling approaches
To help predict the impact of implementing different tick and tick-borne disease control
regimes in different farming systems and agroecological areas, ILRAD scientists are
developing computer models, which are supported by spatial databases that have been
assembled on factors pertinent to tick and tick-borne disease control. Data from BASELINE
STUDIES at the farm, country, regional and continental levels are being obtained and input in
various computer models. Future changes in disease control practice will be measured against
these data. The databases are incorporated into computer-based geographical information
systems, which are designed to handle large amounts of spatial data quickly and efficiently,
allowing research workers rapidly to analyse, compare and combine data and present the
results as maps (Figure 35).
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Figure 35. Use of computer-based geographical information systems, designed to handle
large amounts of spatial information, are enabling researchers at ILRAD to study relationships
and interactions among many variables that determine the risks to cattle of developing
theileriosis.
The graphical elements on these maps are linked to a considerable body of information held in
a database manager. The data can be 'interrogated' by researchers and displayed as
overlays, which illustrate the interaction of many variables. The maps and databases produced
at ILRAD in this way will be used in conjunction with various computer models and techniques
of artificial intelligence that are also being developed at the Laboratory to analyse
geographically and systematically the factors that impinge on different ecological, sociological
and economic environments, on different farming systems and on use of different disease
control strategies for vector-borne diseases in Africa. (For more technical details, see the
boxed paragraph in this chapter.) The methodologies being developed at ILRAD for assessing
the impact of better control of theileriosis and other tick-borne diseases will subsequently be
applied to other economically important African livestock diseases.
 Geographic models of the distribution and abundance of ticks
To further define the factors that determine the distribution and abundance of the tick vectors
of theileriosis, four modelling approaches have been developed at ILRAD.
1. The model CLIMEX was further evaluated as a predictor of the distribution of R.
appendiculatus in southern Africa using a high resolution (approximately 8 sq. km)
interpolated climate database acquired from the Commonwealth Scientific, Industrial and
Research Organisation (Australia).
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2. An assessment was made of the utility of using satellite-derived data--NORMALIZED
DIFFERENCE VEGETATION INDEX (NDVI) Global Area Coverage. to predict habitat
suitability for R. appendiculatus in the Communal (grazing) Lands of Zimbabwe. 1989
NDVI data proved useful in defining seasonal vegetation differences in the Communal
Lands in different agroecological regions and in detecting differences in vegetation that
may be attributable to differences in grazing intensities.
3. The model BIOCLIM, developed at the Australian National University, was evaluated for
its accuracy in predicting current and possible ranges of habitat suitable for the ticks R.
appendiculatus and R. zambeziensis in Africa. BIOCLIM uses the values of climatic
attributes at points where these ticks are known to occur to predict the presence or
absence of a species in areas where ticks have not been sampled. Early results of
running this model indicate a good overall fit of potential distribution of both tick species,
with considerable local variation.
4. The CLIMEX model was run on previously developed interpolated databases to evaluate
climatic suitability for the tick Amblyomma variegatum. The results correlate closely with
published distributions of A. variegatum and Amblyomma hebraeum.
 Models of the economic impacts ofimproved disease control
In June, a memorandum of understanding was signed by ILRAD and Texas Agricultural
Experiment Station to initiate a collaborative project that will develop a simulation model for
ex-ante economic analysis and prediction of the likely impacts of improved control of livestock
diseases at the farm level. ILRAD scientists have already developed a spreadsheet model for
estimating the productivity of cattle on farms where current disease control strategies are
applied; in addition, as discussed above, this model has been run to estimate the economic
importance of theileriosis and the economics of its control.
 Models of East Coast fever transmission
In collaboration with scientists at Imperial College, of the University of London, ILRAD workers
have developed two models of endemic theileriosis. The first estimates rates of infection in a
herd that are age and parasite-exposure dependent. The second was constructed to
investigate the consequences of manipulating infection dynamics in a herd by immunizing
cattle and by varying the breeds of animals kept. This model is also being used to study the
effects of a carrier state on the dynamics of theileriosis transmission.
Using computer geographic information systems (GIS), members of ILRAD's Epidemiology arid
Socioeconomics Program are developing comprehensive spatial databases that are helping to sort out the
complexity of the large number of factors involved in the epidemiology, economics and sustainable
control of ticks and tick-borne diseases of cattle at the farm, national and regional levels.
Most of the GIS databases have been developed on IBM PS/2 386 microcomputers. GIS software now
installed on the system includes pcARC/ INFO, a vector-based GIS program, and IDRISI; a grid-cell-
based GIS/image processing system. A newer acquisition in the program is a Sun Sparcstation l graphics
workstation, which will become the preferred GIS operating environment. The SUN supports GRASS, a
grid-cell-based GIS and image processing system.
ILRAD continued this year to collaborate with the Global Environmental Monitoring System (GEMS), a
service provided by the United Nations Environment Programme (Nairobi) to manage global
environmental information. The Global Resource Information Database (GRID), based within GEMS, is a
network of centres that use computer technology to process and analyse environmental data. GRID staff
in Nairobi continued in 1990 to give support to ILRAD's Epidemiology and Socioeconomics work by
digitizing maps needed for the development of the program's databases. A Microvax III minicomputer at
GRID also provides ILRAD with the necessary equipment for data- and processing-intensive models,
such as the climate-matching program CLIMEX. Continental climatic databases have been used in the
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CLIMEX model for the tick species Rhipicephalus appendiculatus, R. zambeziensis and A. variegatum.
ILRAD's ongoing collaboration with the Zimbabwe Department of Veterinary Services to study alternative
tick and tick-borne disease control strategies has involved the development of an extensive GIS database
that has been installed on a PS/2 microcomputer within the Veterinary Department.
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Department of Cooperative Programs, Training & Information
Cooperative Programs
Training
Information
Library
 Cooperative Programs
ILRAD's mandate and strategy for finding means of controlling theileriosis and
trypanosomiasis are based primarily on laboratory research conducted on immunological
aspects of these diseases. The objectives of the Department of Cooperative Programs,
Training and Information are to liaise and develop cooperative studies with national and
regional research institutions in Africa and other developing regions that are working on the
same or related livestock disease problems, to transfer through training activities ILRAD's
technology and expertise to scientific and technical staff of national institutes working on
disease control, and to distribute results of the Laboratory's research to scientists and other
interested audiences.
Managing changes in agricultural production methods that will occur in Africa as a result of
intensifying livestock agriculture will require a cadre of highly trained and scientific personnel.
In the last decade, through ILRAD's outreach and training programs, over 50 post-doctoral
research fellows and 100 candidates for higher degrees have worked alongside ILRAD
scientists to complete their research studies and over 400 scientists and technicians have
received highly specific individual or course training at ILRAD (Figure 36). In the last five
years, 333 individuals from 46 countries (27 countries in Africa and 19 abroad) have
participated in ILRAD workshops, seminars and conferences held to pool the latest information
in aspects of theileriosis and trypanosomiasis research. Most of these alumni have continued
research careers in parasitology and related fields in sub-Saharan Africa. Many now hold key
positions in national research systems and help to formulate government policies that promote
the application of basic science to increasing livestock production.
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Figure 36. Training at ILRAD.
During this same period, the results of ILRAD's research have been reported in over 700
scientific papers and summarized in annual general and scientific reports and highlights,
proceedings of workshops and a quarterly scientific newsletter distributed to more than 2,500
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individuals and organizations in Africa and to 1,500 abroad.
Highlighting the department's activities during the year was a consultation on trypanosomiasis
research and control programs in Africa held at ILRAD in May (Figure 37). Representatives of
16 African countries, as well as 26 staff members of donor organizations, research institutes
and disease control agencies, discussed how ILRAD and national agricultural research
organizations in Africa can best collaborate on research to control trypanosomiasis. The
participants outlined the priorities in research and disease control activities at their institutes.
They also recommended closer ties between ILRAD and Africa's national agricultural research
organizations to coordinate and promote better livestock disease control methods on the
continenT. In 1990, the Head of ILRAD's Cooperative Program consulted with staff of national
agricultural research organizations and ministries of livestock development in Mali, Senegal,
Swaziland, Tanzania and Zimbabwe.
Figure 37. Participants of a 'Consultation on Trypanosomiasis Research and Control
Programs in Africa' hosted by ILRAD in May. At this meeting, representatives from 16 African
countries affected by trypanosomiasis, as well as 26 staff members of donor organizations,
research institutes and disease control agencies, discussed how ILRAD and national
agricultural research systems in Africa can best collaborate on research to control
trypanosomiasis.
In 1991, senior scientists from ILRAD will conduct other fact-finding missions across Africa to
develop closer contacts with ministerial departments, national livestock services, agricultural
research institutions and universities. Members of the mission will consult with national staff on
research areas, personnel and institutions that would benefit from collaboration with ILRAD. A
formal agreement between ILRAD and the Faculty of Veterinary Medicine at Sokoine
University of Agriculture, in Morogoro, Tanzania, is already being established to promote
collaborative research on important livestock diseases, initially trypanosomiasis and
theileriosis, and the socioeconomic and environmental impacts of their eventual control.
ILRAD scientists provide advice and expertise when this is requested by governments and
non-governmental organizations. In 1990, two Program Coordinators on four occasions played
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advisory roles in national meetings held in Harare and Zanzibar on national tick-borne disease
control projects. Three staff members sat on committees to review trypanosomiasis and
theileriosis research projects (organized respectively by the World Health Organization [WHO],
in Geneva, and the International Centre of Insect Physiology and Ecology [ICIPE], in Nairobi)
and to review the future of animal agriculture in sub-Saharan Africa (Winrock International,
Washington, D.C.). Four staff members gave lectures in an `Advanced Diagnostics Course'
(Kenya Trypanosomiasis Research Institute [KETRI] and WHO, Nairobi), in an 'International
Tick Symposium' (ICIPE, Nairobi) and in a 'Molecular Biology Course' (WHO, New Delhi).
In addition, ILRAD scientists were invited to participate in 12 important reviews of the following
subjects: the Human Genome Project (United Nations Educational, Scientific and Cultural
Organization, Paris), biotechnology for agricultural research (Kenya Agricultural Research
Institute, Nairobi, and the Swedish Recombinant DNA Advisory Committee, Stockholm), tick-
borne diseases (United States Agency for International Development [USAID], Gainsville,
Florida), techniques for improved diagnosis of parasitic diseases (USAID, Bangkok), support
mechanisms for research libraries in Africa (Commonwealth Regional Health Community for
Eastern, Central and Southern Africa, Arusha), national agricultural research systems of Africa
(Institut Sénégalais de Recherches Agricoles, Dakar), training in agricultural research (USAID
and the United States Department of Agriculture, Bangkok), national tick and tick-borne-
disease research (Zimbabwe Government, Harare), tick-borne-disease control programs
(Food and Agriculture Organization of the United Nations [FAO], Harare), project planning for
trypanosomiasis research programs in national universities (European Economic Commission,
Ibadan), and biosafety in recombinant DNA research (Stockholm Environment Institute).
Collaborative projects undertaken and continued at ILRAD in 1990 in the areas of
epidemiology, diagnosis, chemotherapy, drug resistance and the social and economic impact
of better disease control served both as a channel for technology transfer and as a means of
accelerating research progress. ILRAD's collaborative research is supported by training in the
form of seminars, individual instruction in laboratory techniques and special group courses; the
broad aim of these activities is to enlarge the human and technical resources of national
institutes conducting research in livestock diseases. Degree-oriented studies undertaken at
ILRAD serve as well to enhance the Laboratory's own research program.
For the past seven years, ILRAD has collaborated with the International Livestock Centre for
Africa (Addis Ababa) and with national agricultural research organizations in seven African
countries in evaluating the productivity of trypanotolerant breeds of livestock exposed to
different degrees of tsetse challenge and maintained in different ecological zones and under
different management systems. The overall aim of this African Trypanotolerant Livestock
Network (ATLN) is to improve the productivity of trypanotolerant livestock in tsetse-infested
areas of Africa by achieving a better understanding of genetic and acquired resistance to
trypanosomiasis, the environmental factors that affect levels of resistance, and the efficacy of
control methods in present use.
In 1990, network staff members based at the International Trypanotolerance Centre, in the
Gambia, and at the Institut Sénégalais de Recherches Agricoles, in Senegal, collected
information on the nutritional status, reproduction rates and milk yields of trypanotolerant
cattle. At the Société de Développement des Productions Ammales, in Côte d'Ivoire, network
researchers studied the relationship between trypanosomiasis and other cattle diseases, the
impact of parasite drug resistance on animal health and productivity, and the effectiveness of
tsetse control measures. At the Office Gabonnais d'Amélioration et de Production de Viande,
in Gabon, and on the Mushie Ranch, in Zaire, data on the health and performance of
trypanotolerant cattle under natural tsetse challenge were collected and assessed. In Ethiopia
and Kenya, studies were continued on the productivity and breeding performance of
susceptible livestock in tsetse-infested areas (Figure 38).
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Figure 38. Staff members of ILRAD and the International Livestock Centre for Africa, working
within the African Trypanotolerant Livestock Network, examine samples of blood from cattle in
Ghibe, Ethiopia, for the presence of trypanosomes. Results of this survey are being used in
studies of the productivity of susceptible livestock under tsetse challenge and studies of the
development of drug resistance in trypanosome parasites.
Important results obtained in ATLN studies in 1990 include the following. Epidemiological
studies of trypanosomiasis have disclosed the development of parasite resistance to
trypanocidal drugs in several areas. It was confirmed that the extent to which cattle are able to
control the development of anaemia is a good measure of the level of their trypanotolerance
and that this trait, as well as an ability to control parasitaemia, are heritable. The ability to
control anaemia and parasitaemia may therefore be used as criteria for selecting highly
trypanotolerant cattle for livestock breeding programs. Use of an antigen-trapping enzyme-
linked immunosorbent assay (ELISA) developed at ILRAD is enabling scientists to detect
trypanosome infections that cannot be detected using classical parasitological diagnostic
techniques; the assay may prove to be another useful tool for selecting animals with high
levels of trypanotolerance.
ILRAD continued to collaborate with KETRI during the year in developing assays for
measuring more precisely levels of drug resistance that have developed in several
trypanosome species. This work encompasses basic studies aiming to elucidate the genetic
mechanisms that control drug resistance.
ILRAD continued to collaborate with the Centre for Tropical Veterinary Medicine (UK), FAO,
the International Atomic Energy Agency (Vienna) and ten African national agricultural research
institutes in use of ILRAD's antigen-trapping ELISA to improve the diagnosis and control of
trypanosomiasis in African livestock. Staff members of national research institutes in Egypt,
the Gambia, Ghana, Kenya, Mali, Senegal, Sudan, Tanzania, Zambia and Zimbabwe were
provided with standardized biological reagents with which to diagnose animal trypanosomiasis.
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The national scientists continued work in 1990 to compare the antigen-trapping ELISA with
classical diagnostic techniques used to diagnose animal trypanosomiasis. In addition, with
support from the World Health Organization, ILRAD and scientists in six African countries are
testing diagnostic materials that may improve detection of human trypanosomiasis. Preliminary
reports indicate that the antigen-trapping ELISA is both efficient and sensitive. Further
evaluation of this technique will be made during a workshop to be held in May 1991 in Côte
d'Ivoire and attended by representatives of the national and international organizations now
testing the antigen-trapping ELISA.
In recent years, ILRAD has developed several nucleic acid probes to diagnose trypanosome
infections. In 1990, DNA probes were used to characterize trypanosome material collected in
Uganda by the Tsetse Control Department of the Ugandan Ministry of Animal Industries and
Fisheries; in Kenya by the Kenya Wildlife Services, ICIPE and the University of Nairobi; and in
Burkina Faso by the Centre des Recherches sur les Trypanosomiases Animales. Although
unequalled in specificity and sensitivity, this parasite detection technique relies on radioisotope
labelling; ILRAD scientists are now investigating alternative labelling systems that will be both
safer and suitable for field use. Molecular characterization of Theileria parva at ILRAD has led
to the development of several probes that differentiate among stocks and strains of this
parasite. Researchers in the African countries affected by theileriosis are now evaluating the
DNA probes by using them in extensive epidemiological surveys of the disease.
The infection-and-treatment immunization method continued to be used in many countries to
control theileriosis. On Pemba Island of Zanzibar, a new bulk stabilate of T. parva prepared
and tested at ILRAD is being used to immunize crossbred calves; on Unguja Island, a
Zanzibar South stock is being tested on government and smallholder farms. ILRAD scientists
made advisory visits to both islands during the year. In the Eastern Province of Zambia, the
infection-and-treatment immunization method was administered to 28,000 head of cattle
between June 1987 and June 1990. Many of the local T. parva stocks used in this
immunization method have been characterized at ILRAD. In Zimbabwe, a theileriosis control
project funded by FAO has selected private farms on which to conduct large-scale
immunization trials using the T. parva (Boleni) stock, which was characterized at ILRAD.
ILRAD will also support FAO-funded theileriosis immunization trials to be conducted in
Tanzania and Uganda by characterizing local T. parva stocks and any breakthrough parasites
isolated during the project.
The Kenya Agriculture Research Institute collaborates with ILRAD in field studies conducted in
two contrasting areas of Kenya to assess the epidemiology of East Coast fever and the
socioeconomic impact of controlling the disease by implementing infection-and-treatment
immunization. The Zimbabwe Department of Veterinary Services collaborates with ILRAD in
studies comparing the cost-effectiveness of implementing different tick and tick-borne disease
control strategies. The study team proposed in 1990 that Zimbabwe implement two alternative
theileriosis control strategies that make less intensive use of acaricides than conventional
dipping strategies.
 Training
ILRAD's training program is designed primarily to develop veterinary research and disease
control capabilities in African countries where East Coast fever and trypanosomiasis are
important animal health problems. The development of scientific and technical resources in
these countries receives high priority at ILRAD: in 1990, training activities accounted for nearly
10% of the annual budget.
These funds support individual training programs for scientists and technicians from
laboratories and field programs in Africa and other developing areas, postgraduate training for
students working towards master's and doctoral degrees and post-doctoral positions to
Departm
file:///C|/Users/dhmichael/Desktop/fulldoc_html/Ilrad90/Departm.htm[5/19/2016 4:30:40 PM]
enhance the professional knowledge and experience of young scientists from many parts of
the world. In addition to individual training, group courses, workshops and conferences are
held throughout the year on topics directly related to ILRAD's research program.
In 1990, 39 scientists and technicians came to ILRAD to undertake technical training for
periods of one week to three months (Table 1). Each trainee in this program was given
specialized training determined by the needs of the individual's home institution. Thirty-five of
the participants were staff members of national research laboratories or livestock development
programs in developing countries; all but three were fully funded by ILRAD.
Table 1. Individual training at ILRAD in 1989 and 1990: number of participants in different
types of training by country of origin.
Country 1989 1990 Country 1989 1990
Specialized technical training
Argentina – 1 Nigeria – 4
Austria – 1 Senegal 1 –
Benin 1 – Somalia 2 5
Burkina Faso 2 1 Sudan – 1
Ethiopia 1 – Switzerland – 1
France – 1 Tanzania 3 2
Gambia 1 – Thailand – 1
Italy – 1 Uganda – 3
Kenya 5 14 USA 2 –
Malawi 1 1 Zaire 1 –
Mali 1 – Zambia 3 –
Niger 1 – Zimbabwe 1 2
Post-graduate training
(Research Fellows and Visiting Research Fellows)
Benin 1 1 Nigeria 3 3
Canada 2 1 Senegal – 1
Ethiopia 1 1 Sudan 1 1
Gambia 1 1 Tanzania – 2
Ghana 2 1 Tchad – 1
Italy 2 3 Zaire 1 2
Kenya 11 9 Zambia 1 1
Post-doctoral training
(Post-Doctoral Fellows and Senior Research Fellows)
Belgium 1 1 Spain – 1
Cameroon 1 1 Tanzania 1 1
Ghana – 1 Uganda 1 1
Ireland 1 – UK 5 5
Kenya 2 2 USA – 1
Somalia – 1 West Germany 2 –
 
Departm
file:///C|/Users/dhmichael/Desktop/fulldoc_html/Ilrad90/Departm.htm[5/19/2016 4:30:40 PM]
Twenty-eight post-graduate students worked at ILRAD in 1990 on Research Fellowships
lasting from one year to four years (Table 1). The 24 Research Fellows from African countries
were all supported by ILRAD; the 4 Research Fellows from developed countries were
supported by their home governments or by funding agencies. These students worked with
ILRAD scientists on projects closely related to ILRAD's research program. During 1990, two
Research Fellows received Ph.D. degrees and one Fellow received an M. Sc. degree based
on research carried out at ILRAD.
Five Senior Research Fellows worked at ILRAD during 1990, one each from Ghana, Kenya,
Somalia, Tanzania and Uganda. Senior Research Fellowships are awarded to staff members
of universities or research institutes, primarily in Africa, who have completed their Ph.D.
degrees within the previous five years. These scientists work at ILRAD for several months to
enhance their research experience.
Ten Post-Doctoral Fellows worked at ILRAD in 1990 (Table 1). Post-Doctoral Fellows are
selected on an international basis. These scientists usually spend two years at ILRAD and are
expected to contribute directly to the Laboratory's research program.
In addition to individual training, in February/ March of 1990 ILRAD conducted a one-month
African Trypanotolerant Livestock Network training course on The Diagnosis and Control of
Bovine Trypanosomiasis for six participants.
In September/ October, ILRAD ran a combined two-month course on Diagnostic and
Immunization Techniques for Control of East Coast Fever and The Preparation and Use of
Reagents in the Diagnosis of Haemoprotozoan Diseases. This course was attended by 13
veterinarians and senior technical staff from institutes in East and Central Africa (Figure 39).
Figure 39. Training activities at ILRAD accounted for nearly 10% of the annual budget of the
Laboratory in 1990.
In May, ILRAD hosted a Consultation on Trypanosomiasis Research and Control in Africa.
This pan-African meeting was held to determine ways of improving and developing
collaboration among national research and control institutions, international research centres
and international organizations dealing with animal trypanosomiasis in Africa. Representatives
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from 22 African countries, 13 international organizations and 6 research institutes with
headquarters in Africa attended the meeting. ILRAD staff members acquainted national
representatives with the Laboratory's research work, with ways in which ILRAD assists
national and regional disease control programs to implement the latest trypanosomiasis
diagnostic and control methods, and with advanced professional training the Laboratory offers
to trypanosomiasis researchers throughout Africa. The 22 government representatives in turn
advised ILRAD and other international and regional research institutes of the needs and
priorities of Africa's national agricultural research programs regarding the better control of
trypanosomiasis.
 Information
The primary responsibility of ILRAD's Information Unit is the publication in English and French
of the ILRAD Annual Report, an annual ILRAD Highlights and a quarterly newsletter, ILRAD
Reports, the publication in English of an Annual Scientific Report and the publication in
English and Kiswahili of a weekly Internal Newsletter, which is distributed to all staff members
and members of the Board of Directors (Figure 40). All publications are written in-house; all
English publications other than the annual report are also electronically laid out to camera-
ready stage in-house using a personal computer and laser printer.
Figure 40. Recent publications from ILRAD. Over 50% of ILRAD's 2,938 readers are from
Africa.
The annual report, annual highlights and quarterly newsletter are intended for a wide range of
readers, with emphasis on laboratory and field workers in Africa who are responsible for
animal health. In 1990, major articles in ILRAD Reports reviewed ILRAD's epidemiological and
socioeconomic studies to assess the risk of East Coast fever to African cattle and the impact
of implementing improved control strategies against the disease at farm and national levels;
ILRAD's use of computer-based geographic information systems to gain a better
understanding of the geographical variation in theileriosis epidemiology at continental, country
and district levels; progress in ILRAD's chemotherapy research, which aims to determine more
effective ways of using available drugs to treat and prevent animal trypanosomiasis; an
overview of recent findings in research on chemotherapy for parasitic protozoa, including
studies of metabolic pathways in trypanosomes, novel drugs, drug resistance and new drug
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delivery systems; and approaches ILRAD scientists are taking to research on the mechanisms
in cattle that likely produce the severe anaemia of animal trypanosomiasis.
A third edition of the Annual Scientific Report, comprising short statements on each research
project conducted in the institute, was produced in 1990. The abstracts in this book are written
by the scientific and technical teams conducting the projects and outline experimental results
obtained during the year. This publication is intended for scientists and technicians who work
outside ILRAD in areas related to the institute's research program, as well as for new ILRAD
staff.
Detailed results of ILRAD's research work are published for the most part in international
journals and scholarly books that serve a specialized scientific audience. In 1990, ILRAD staff
members produced a total of 65 publications, comprising 58 papers refereed in scientific
journals, 5 papers in proceedings of international scientific meetings, an edited proceedings
and a technical manual. These publications are listed in the chapter '1990 Publications',
appearing below in this annual report. During the year, the Information Unit published two
update sheets, for 1988 and 1989, listing all publications produced by ILRAD staff members in
those years.
A summary of discussions held during a five-day Consultation on Trypanosomiasis Research
and Control Programs in Africa, held at ILRAD in May 1990, was published in English and
French by the Laboratory during the year. At this meeting, senior staff members of livestock
research and control agencies across Africa discussed areas of possible collaborative
research between their institutions and ILRAD.
ILRAD also published in this year the proceedings of a workshop held in 1989. This 177-page
volume, Chemotherapy for Trypanosomiasis, edited by ILRAD scientist A.S. Peregrine,
contains papers that review current research on aspects of the therapeutics, biochemistry and
molecular biology of pathogenic trypanosomes and the likely immediate and long-term
contributions of this research to the control of human and animal trypanosomiases. The
meeting also reviewed findings from research on Plasmodia, Leishmania and mammalian
cells, and potential new drug-delivery systems, for their relevance and possible application to
research programs on trypanosomiasis. The volume includes an overview and a summary of
the workshop's deliberations and a synopsis of results of work in ILRAD's chemotherapy
program.
In addition, ILRAD published a handbook, The Epidemiology, Diagnosis and Control of
Gastro-Intestinal Parasites of Ruminants in Africa, which presents in a simple style procedures
and techniques with which to identify, diagnose, survey and control intestinal parasites of
ruminants in Africa. The book was written by ILRAD scientist Brian Perry and a colleague,
Jørgen Hansen. It is intended for wide use in African universities, national veterinary
laboratories and rural veterinary clinics. Guidelines are given for the design and interpretation
of field investigations and the principles of control based on the results of such investigations.
In 1990, the Unit published 12 new publications, of which it distributed about 30,000 copies.
The Annual Report, the annual Highlights, two publication lists and the quarterly Reports were
distributed to about 2,500 English and 450 French readers. About 2,000 copies of the Annual
Scientific Report and 1,000 copies of each proceedings volume and the handbook were
mailed to libraries and centres of tropical veterinary medicine and to readers who wrote to
request the books. The mailing list expanded by about 22%, from 2,279 to 2,938, in 1990 as
scientists, animal disease control workers, laboratory technicians, government officials, staff of
donor organizations, librarians, journalists, veterinary students and other professionals wrote
asking to receive ILRAD publications on a regular basis (Table 2).
Table 2. Distribution of ILRAD's publications from 1988 to 1990 by region and language
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Region Countries Institutions/individuals
 1988 1989 1990 1988 1989 1990 Percentage
Anglophone Africa 24 24 25 945 1000 1275 43.4%
North and South America 25 26 28 290 301 506 17.2%
Near and Far East 31 31 33 283 313 378 12.9%
Francophone Africa 23 23 23 322 324 365 12.4%
Anglophone and other
Europe
19 19 18 257 270 340 11.6%
Francophone Europe 2 2 2 50 71 74 2.5%
Total 124 125 129 2,147 2,279 2,938 100%
The Information Unit distributes press releases to keep local and foreign journalists informed
about ILRAD's work. In 1990, 10 publications, including Science, The Los Angeles Sunday
Times and New Scientist, together published 11 substantial articles on ILRAD's research using
material provided by the Information Unit. In addition, 19 press releases produced by the Unit
were published in local newspapers.
 Library
The ILRAD Library acquires and disseminates scientific literature, most of it in the form of
scientific journals and books, to meet the information needs of staff members, visiting
scientists and participants in the training program (Figure 41). The emphasis of the collection
is on the livestock diseases ILRAD focuses on, African trypanosomiasis and theileriosis, as
well as veterinary medicine and the biochemistry, chemotherapy, cytology, epidemiology,
genetics, immunology, molecular biology and pathology of these diseases and their causative
parasites. Because the Library's extensive, up-to-date and highly specialized journal collection
is unique in Kenya, the Library extends its services to staff from other research institutes and
from government departments and universities in Kenya. The Library also manages the
storage and distribution of reprints of papers published by ILRAD's scientific staff.
Computerized databases set up to enhance information retrieval include a catalogue of Library
holdings of books and serials, a database on tick-borne diseases and a database on African
animal trypanosomiasis.
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Figure 41. The ILRAD Library currently subscribes to 241 journals, 25 monographic serials
and 12 indexing and abstracting journals and holds a book stock of 3,481 volumes.
Journals form the main part of the Library's collection. In 1991, the Library subscribed to 241
journal titles, 25 monographic serials and 12 indexing and abstracting journals. The indexes
and abstracts provide access to a wide range of scientific information available outside the
Library and the in-house computerized databases provide access to the Library collection. In
1990, the Library purchased several indexes and abstracts produced electronically on CD-
ROM (compact disk-read only memory), including CABI Abstracts, from CAB International
(UK); Science Citation Index, from the Institute of Scientific Information (USA); and Sesame,
from the Centre d'Information et de Documentation des Régions Chandes (France). Biological
Abstracts and MEDLINE on CD-ROM will also be acquired.
The Library acquired 218 new books in 1990, including 39 gifts, bringing ILRAD's book stock
to 3,481 volumes. Journal articles not available in Kenya are requested from the British Library
Document Supply Centre; 685 items were obtained for ILRAD staff from this Centre during the
year. A total of 517 gift books irrelevant to ILRAD research were donated to Kenya libraries at
Egerton University, the University of Nairobi College of Agricultural and Veterinary Sciences,
the Kenya Agricultural Research Institute and Moi University.
In 1990, the Library lent 1,596 publications to ILRAD staff and 576 publications to other
libraries, notably, the International Centre of Insect Physiology and Ecology, the Kenya
Agricultural Research Institute, the Institute of Primate Research, the National Museums of
Kenya and the University of Nairobi College of Agricultural and Veterinary Sciences, at
Kabete. The Library also supplied 17,676 photocopied publications to ILRAD staff and 920
ILRAD reprints/ publications requested by researchers around the world. The Library in turn
borrowed 588 items from local libraries; most of these items were obtained from the Kenya
Agricultural Research Institute and the University of Nairobi College of Biological Sciences, at
Chiromo.
With the acquisition of electronic databases, the number of requests for literature searches
rose from 41 in 1989 to 57 in 1990. A Weekly Alert newsletter published by the Library, now in
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its second year, highlights important new accessions in the Library. Lists of current references
on subjects related to ILRAD's research programs continued to be received regularly from
BIOSIS, the International Livestock Centre for Africa and the Food and Agriculture
Organization of the United Nations.
Library students from Kenyatta University, Moi University and the Kenya Polytechnic worked at
ILRAD for practical attachments lasting 5 to 12 weeks. Student interns were also hosted from
the Intergovernmental Authority on Drought and Development (Djibouti) and the Kenya
Agricultural Research Institute. The ILRAD Librarian served on a Kenya Agricultural Research
Institute project to set up a Kenya agricultural database.
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Research Support
Tsetse Laboratory
Tick Laboratory
Large Animal Production
Laboratory Animal Production
Biostatistics and Computing Services
 Tsetse Laboratory
Figure 42. The Experimental Animal Unit.
The Tsetse Laboratory maintains breeding colonies of tsetse flies (Figure 43). Trypanosome
parasites normally pass through several stages of their life cycle in the tsetse fly. Although it is
possible to maintain trypanosomes in vitro and to infect laboratory animals and livestock by
injecting parasites into the animals, trypanosomes maintained and transmitted artificially differ
from parasites transmitted naturally through the bite of an infected tsetse fly. For this reason, a
great deal of the trypanosomiasis research conducted at ILRAD requires trypanosomes that
have developed in tsetse flies. Thus, researchers studying trypanosomiasis collaborate closely
with staff of the Tsetse Laboratory.
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Figure 43. The Tsetse Laboratory, which maintains breeding colonies of tsetse tiles for
development of trypanosome parasites, which are used in research studies.
ILRAD's Tsetse Laboratory maintained breeding colonies of five tsetse species in 1990. These
were Glossina morsitans centralis, originating from mainland Tanzania; G. pallidipes, from
Shimba Hills, in Kenya; G. p. gambiensis, from Burkina Faso; and G. brevipalpis and G.
longipennis, both from Kenya. These species represent all three taxonomic groups of tsetse
—morsitans, palpalis and fusca. Their breeding performance in 1990 is summarized in Table
3. A colony of G. fuscipes fuscipes was terminated in October 1990, after research on this
species was completed. The colony of G. pallidipes from Nguruman, Kenya, which was started
in 1988 reached 1600 breeding females in December of 1990 and is still in an expanding
phase.
Table 3. Performance of the five tsetse breeding colonies maintained at ILRAD in 1990.
Tsetse species Mean number
of breeding
females
Mean daily
female mortality
(%)
Mean number of
pupae per
female per week
Mean puparial
weight (mg)
Number of
puparia produced
G. m. centralis 10,276 0.50 0.57 34.53 307,454
G. pallidipes 3,454 1.28 0.43 41.11 78,246
G. p. gambiensis 1,053 0.63 0.69 30.35 37,779
G. brevipalpis 1,563 1.04 0.50 76.99 41,188
G. longipennis 2,087 0.86 0.43 76.53 47,060
 
The five colonies are maintained at 25° C and fed five days a week on rabbits. The G. m.
centralis and G. longipennis colonies were kept at 70% relative humidity, the other species at
80%.
These colonies provided all the tsetse required for trypanosomiasis research at ILRAD in
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1990. Tsetse puparia and adult flies were also supplied during the year to colleagues at six
other institutions: Imperial College (UK), the International Centre of Insect Physiology and
Ecology (Nairobi), the Regional Tsetse and Trypanosomiasis Control Programme (Zimbabwe),
the Swiss Tropical Institute (Basel), the Tsetse Research Laboratory at the University of Bristol
(UK) and the University of Nairobi.
Studies were completed in 1990 on the susceptibility of seven tsetse species and subspecies
to Trypanosoma vivax stocks isolated in Kenya and Nigeria and to Trypanosoma congolense
and Trypanosoma brucei brucei from Tanzania and Nigeria. Teneral (young unfed) tsetse flies
from the seven production colonies were allowed to feed on Boran cattle infected with T.
vivax, on goats infected with T. congolense or on goats infected with T. b. brucei. The tsetse
were then dissected.
The infection rates were as follows: 0–97.1% for T. vivax, 0.3–49.2% for T. congolense and 0–
40.4% for T. b. brucei. Development of both a Likoni (Kenya) and a Galana (Kenya) T. vivax
was best in Glossina morsitans centralis (61.1% and 36.2%, respectively) and in Glossina
brevipalpis (75.3% and 58.2%, respectively) but was poor in Glossina austeni (1.8% and
5.0%, respectively) and the four palpalis group tsetse (range = 0–4.9%). A Bamburi (Kenya) T.
vivax produced high infection rates in all seven tsetse used, which showed a range of 16.3–
91.3%. A Nigerian T. vivax also produced high infection rates in all the seven tsetse examined
(range = 55.5-97.1%). Development of both a Tanzanian and a Nigerian T. congolense was
best in G. m. centralis (35.3% and 49.2%0, respectively), poorest in G. austeni (2.0% and
3.0%, respectively) and the four palpalis group tsetse (range = 0.3–6.0%), with G. brevipalpis
intermediate (15.7% and 6.3% respectively). Infection rates of both a Tanzanian and a
Nigerian T. b. brucei were high in G. m. centralis (40.4%o and 6.8%, respectively), but low in
the other tsetse species (range = 0–2.1%).
In brief, there were differences in the innate susceptibility of Glossina species and subspecies
to T. vivax, T. congolense and T. b. brucei populations used. Furthermore, some stocks
developed better than others in the tsetse vectors. Development to the metacyclic forms of T.
vivax, T. congolense and T. b. brucei in tsetse thus appears to involve complex interactions
among biological properties of the trypanosome population taken with a host's infected blood
meal by a tsetse fly and the physiology of the vector.
 Tick Laboratory
The main work of the Tick Laboratory is the production of a steady supply of ticks and tick
salivary glands infected with the sporozoite form of Theileria parva for staff in ILRAD's
theileriosis research program (Figure 44).
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Figure 44. The Tick Laboratory, which provides scientists with ticks infected with Theileria
parva parasites for their research studies. In 1990, staff of this Laboratory dissected 117,075
ticks and provided scientists with 4.2 million infected tick salivary gland acini.
Theileria sporozoites can be obtained only by passage of the parasites between the tick
vectors and the mammalian hosts. The Tick Laboratory maintains a large colony of
Rhipicephalus appendiculatus ticks. Nymphal ticks pick up the parasites from feeding on cattle
infected with Theileria parva (Muguga) stabilate. After the adult ticks moult, they are fed for
four days on rabbits and then dissected to harvest the infected salivary glands. Infection rates
are determined for each batch of ticks.
Staff from the Tick Laboratory are collaborating with ILRAD scientists on several research
projects, including the isolation of new stocks from the field, the rate of transmission of
parasite clones from ticks to cattle, pick ups of parasites from Theileria-carrier cattle, tick
stabilate preparation and determination of Theileria infection rates in field ticks.
Rhipicephalus appendiculatus is the most important tick species in East Africa, where it is the
principal vector of T. parva. Stocks of this species maintained at ILRAD include those from
Muguga, Kenya; 01 Pejeta, Kenya; McIwaine, Zimbabwe; Chipata, Zambia; and Entebbe,
Uganda. Colonies of other tick species maintained at ILRAD include other Rhipicephalus
species—R. evertsi, R. pulchellus and R. zambeziensis—as well as Amblyomma variegatum
and Amblyomma gemma, vectors of Cowdria ruminantium, which causes heartwater;
Boophilus decoloratus, vector of Babesia and Anaplasma, which cause redwater and gall
sickness, respectively; and two relatively benign Theileria species, T. mutans and T. velifera.
In 1990, a total of 117,075 ticks were dissected and an estimated 4.2 million infected salivary
gland acini were provided to scientists in the theileriosis program for epidemiological and cell
biology studies and for research on the antigenicity, molecular biology and biochemistry of the
infective sporozoite.
A major research effort of the Tick Unit is to determine the factors that influence infection rates
in ticks so as to maximize infection levels. Studies of factors such as ambient cattle pen
temperature and stock of tick failed to show significant differences in infection rates. A
Research
file:///C|/Users/dhmichael/Desktop/fulldoc_html/Ilrad90/Research.htm[5/19/2016 4:30:41 PM]
database on tick infection rates that has been developed at ILRAD has to date revealed only
that the level of parasitaemia and treatment of cattle with the corticosteroid dexamethasone
had beneficial effect on tick infection rates.
 Large animal production
The large animal facilities on the ILRAD Farm, located next to ILRAD's laboratories, at Kabete,
held about 600 head of cattle, 350 goats and 20 sheep during 1990 that were allocated for
research projects (Figure 45). In addition to the experimental cattle, 357 calves were brought
to the Farm when a few days old to be raised under tick- and tsetse-free conditions.
Figure 45. The large animal facilities on the ILRAD Farm, located next to ILRAD's
laboratories, on the outskirts of Nairobi.
ILRAD's ranch, Kapiti Plains Estate, located about 70 km from Nairobi, carried an average of
2,859 head of cattle in 1990 and supplied 348 cattle to the ILRAD Farm and sold 596 cattle to
local farmers and butchers. The supplies of animal feeds to the ILRAD Farm were relatively
stable and the animal health on both the ILRAD Farm and Kapiti Ranch was generally good.
No disease outbreaks or quarantine restrictions occurred. Altogether during the year, 1,063
calves were born on the ranch from a breeding herd of 1,174 cows, making a calving rate of
90.5%.
Both Boran (Bos indicus) and N'Dama (Bos taurus) calves are produced using embryo transfer
techniques. ILRAD pioneered the use of superovulation in Boran cattle. In the last seven
years, the Large Animal Unit has tested and standardized methods for synchronizing the
ovulation of Boran donor and recipient cows, stimulating superovulation in Boran donors,
assessing the suitability of recipients and handling and splitting embryos before implanting
them in recipient cows. N'Dama and Boran haemopoetic chimeras can be produced by
implanting one N'Dama embryo and one Boran embryo into the same recipient mother and
allowing them to develop as twins. The first set of chimeric twins was produced this year.
In April of 1989, ILRAD initiated an ambitious, long-term project to map the bovine genome.
Large families of N'Dama/ Boran crosses are needed for this project. Each family is produced
at the Kapiti Ranch by superovulating a particular Boran cow several times a year and
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inseminating the cow with semen from the same N'Dama bull until 30 crossbred Boran/-
N'Dama calves are produced. By the end of the year, 105 crossbred N'Dama/Boran embryos
had been implanted in Boran foster mothers, producing 51 calves.
The objective of embryo transfer work with N'Dama cattle, which originate from West Africa, is
to produce N'Dama animals for experimental use in ILRAD's trypanosomiasis research
program. Six N'Dama calves were born in 1990, making ILRAD's total N'Dama calf production
43.
 Laboratory animal production
The Laboratory Animal Unit provides ILRAD's research and training programs with a regular
supply of mice, rats and rabbits (Figure 42). In 1990, ILRAD was self-sufficient in the
production of all of these laboratory animals. The Unit also maintains a small colony of guinea
pigs, which are occasionally required for experimental work. All laboratory animals are housed
and maintained according to international animal welfare conventions.
Colonies of three inbred mouse strains—BALB/c, C3H/He and C57/B16—are maintained. The
C3H/He and C57/B16 mice are used primarily for studies on host resistance to
trypanosomiasis. The BALB/c mice and a colony of (BALB/c x Swiss) Fl mice are maintained
for the production of monoclonal antibodies. Random-bred Swiss mice are increasingly used
for all other research work because they are more productive and grow faster than the inbred
strains. The Beige x SCID strain is maintained for use in transfection experiments.
ILRAD scientists use rats primarily for the production of trypanosomes. In addition to
maintaining a colony of random-bred rats originating from the Sprague Dawley strain, the LOU
rat is used for the production of monoclonal antibodies.
Rabbits are used mainly to produce antisera and to support the tsetse and tick colonies. In
1990, the Unit increased its rabbit production to its highest levels ever and also brought down
the number of post-weaning deaths.
Table 4 shows the total number of mice, rats and rabbits produced and used at LRAD in 1990.
Compared to 1989, the staff demand for both rats and rabbits during the year increased and
the demand for mice decreased. In addition to supplying all the laboratory animals required by
ILRAD scientists, the breeding unit provided a total of 3,200 mice and 90 rats to other
research organizations in Kenya. These were the Institute for Primate Research, the
International Centre of Insect Physiology and Ecology, the Kenya Agricultural Research
Institute, the Kenya Medical Research Institute, the Kenya Trypanosomiasis Research
Institute, the Kenya Veterinary Laboratories, the University of Nairobi and the Kenya Wildlife
Department.
Table 4. Rats, mice and rabbits produced and supplied to ILRAD scientists in 1990.
Species and strain Number weaned Number supplied to scientists
Mice
Random-bred Swiss 24,984 18,018
Inbred BALB/c 10,751 6,101
Inbred C3H/He 5,029 2,720
Inbred C57B1/6 2,401 592
BALB/c x Swiss F1 7,868 4,886
Rats 12,285 11,903
Rabbits 1,547 1,507
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 Biostatistics and computing services
ILRAD's Biostatistics and Computing Services Unit (Figure 47), in conjunction with the
University of Strathclyde (UK), offers support to ILRAD's scientific and administrative staff
ranging from installing computer equipment; giving advice on hardware and software; storing,
presenting and analysing data from laboratory and field studies; and writing computer
programs.
Figure 46. The Biostatistics and Computing Services Unit.
Several IBM PS/2 and 386 machines were purchased in 1990, making a total of 79
microcomputers distributed throughout the institute. A student from the Kenya Polytechnic
worked at ILRAD for four months during the year on industrial attachment. The student
learned to use various microcomputers, printers and software programs and with this
equipment completed several computing projects.  
The Unit maintains a library of commercial software that includes Paradox for database work;
Symphony for spreadsheet work; Microsoft Word and Multimate for word processing; Smart,
an integrated package, for doing all three of these kinds of work; and Harvard Graphics for
producing graphs. The Unit also uses Statgraphics, SPSS (Statistical Package for Social
Scientists) and other specialized software for analysing scientific data; compilers for high-level
languages, such as C; utility packages such as Norton Utilities and PC Tools; and conversion
packages such as Software Bridge, used to convert documents from one word processing
format to another.
ILRAD subscribes to CGNET, an international electronic mail service linking the CGIAR
institutes. This service also gives ILRAD access to many other international electronic
networks, such as BITNET (which comprises research institutes and universities around the
world) and British Telecom Gold (British business).
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Publications
A few of the specialized scientific journals in which ILRAD scientists publish their research
results. In 1990, ILRAD staff published 58 papers in refereed journals, 5 papers in proceedings
volumes, 1 technical manual and 1 edited proceedings.
All the publications listed below were published in 1990. The numbers in parentheses are
ILRAD Library accession numbers.
Bensaid, A., Kaushal, A., MacHugh, N.D., Shapiro, S.Z. and Teale, A.J. Biochemical
characterization of activation-associated bovine class I major histocompatibility complex
antigens. Animal Genetics 20: 241–255 (715).
Brown, W.C., Lonsdale-Eccles, J.D., DeMartini, J.C. and Grab, D.J. Recognition of soluble
Theileria parva antigen by bovine helper T cell clones: characterization and partial purification
of the antigen. Journal of Immunology 144: 271–277 (800).
Clarkson, A.B. Jr., Bienen, E.J., Pollakis, G., Saric, M., McIntosh, L. and Grady, R.W.
Trypanosome alternative oxidase. In: Peregrine, A.S., ed. Chemotherapy for Trypanosomiasis:
Proceedings of a Workshop Held at ILRAD, Nairobi, Kenya, 21-24 August 1989. Nairobi:
International Laboratory for Research on Animal Diseases, pp. 43–48 (941).
Clevers, H., MacHugh, N.D., Bensaid, A., Dunlap, S., Baldwin, C.L., Kaushal, A., Iams, K.,
Howard, C.J. and Morrison, W.I. Identification of a bovine surface antigen uniquely expressed
on CD4-CD8- T cell receptor g/d +T lymphocytes. European Journal of Immunology 20: 809–
817 (825).
Dobbelaere, D.A.E., Prospero, T.D., Roditi, LJ., Kelke, C., Baumann, I., Eichhorn, M.,
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Williams, R.O., Ahmed, J.S., Baldwin, C.L., Clevers, H. and Morrison, W.I. Expression of Tac
antigen component of bovine interleukin-2 receptor in different leukocyte populations infected
with Theileria parva or Theileria annulata. Infection and Immunity 58: 3847–3855 (924).
Dwinger, R.H., Murray, M. and Moloo, S.K. Parasite kinetics and cellular responses in goats
infected and superinfected with Trypanosoma congolense transmitted by Glossina morsitans
centralis. Acta Tropica 47: 23–33 (710).
Dwinger, R.H., Rawlings, P., Jeannin, P. and Grieve, A.S. Experimental infection of N'Dama
cattle with trypanosomes using Glossina palpalis gambiensis caught in the wild. Tropical
Animal Health and Production 22: 37–43 (711).
Fasogbon, A.L, Knowles, G. and Gardiner, P.R. A comparison of the isoenzymes of
Trypanosoma (Duttonella) vivax isolates from East and West Africa. International Journal of
Parasitology 20: 389–394 (778).
Flach, E.J., Woodford, J.D., Morzaria, S.P., Dolan, T.T. and Shambwana, I. Identification of
Babesia bovis and Cowdria rumintantium on the island of Unguja, Zanzibar. The Veterinary
Record 126: 57–59 (772).
Fritsch, G. and Nelson, R.T. Bovine erythroid (CFU-E, BFU-E) and granulocyte-macrophage
colony formation in culture. Experimental Hematology 18: 195–200 (732).
Goddeeris, B.M. A bovine class I major histocompatibility complex molecule plus a Theileria
parva antigen resembles mouse H-2Kd. Animal Genetics 9: 87–95 (801).
Goddeeris, B.M., Morrison, W.I., Toye, P.G. and Bishop, R. Strain specificity of bovine
Theileria parva-specific cytotoxic T cells is determined by the phenotype of the restricting
class I MHC. Immunology 69: 38–44 (686).
Grootenhuis, J.G., Dwinger, R.H., Dolan, R.B., Moloo, S.K. and Murray, M. Susceptibility of
African buffalo and Boran cattle to Trypanosoma congolense transmitted by Glossina
morsitans centralis. Veterinary Parasitology 35: 219–231 (823).
Hansen, J. and Perry, B.D. The Epidemiology, Diagnosis and Control of Gastro-Intestinal
Parasites of Ruminants in Africa: A Handbook. Nairobi: International Laboratory for Research
on Animal Diseases, 121 pp. (871).
Iams, K.P., Hall, R., Webster, P. and Musoke, A.J. Identification of lambda/gtl l clones
encoding the major antigenic determinants expressed by Theileria parva sporozoites. Infection
and Immunity 58: 1828–1834 (776).
Iams, K.P., Young, J.R., Nene, V., Desai, J., Webster, P., ole-MoiYoi, O.K. and Musoke, A.J.
Characterisation of the gene encoding a 104-kilodalton microneme-rhoptry protein of Theileria
parva. Molecular and Biochemical Parasitology 39: 47–60 (773).
Jordt, T. and Lorenzini, E. Multiple superovulations in N'Dama heifers. Tropical Animal Health
and Production 22: 178–184 (740).
Kaminsky, R. In vitro techniques for assessment of drug resistance in trypanosomes.
AgBiotech News and Information 2: 205–210 (812).
Kaminsky, R. In vitro techniques for identifying and quantifying drug resistance in
Trypanosoma brucei brucei. In: Peregrine, A.S., ed. Chemotherapy for Trypanosomiasis:
Proceedings of a Workshop Held at ILRAD, Nairobi, Kenya, 21–24 August 1989 . Nairobi:
International Laboratory for Research on Animal Diseases, pp. 73–77 (944).
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Kaminsky, R., Gumm, ID., Zweygarth, E. and Chuma, F. A drug incubation test (DIIT) for
assessing resistance in trypanosomes. Veterinary Parasitology 34: 335–343 (709).
Kariuki, T.M., Grootenhuis, J.G., Dolan, T.T., Bishop, R.P. and Baldwin, C.L. Immunization
with Theileria parva parasites from buffaloes results in generation of cytotoxic T cells which
recognize antigens common among cells infected with stocks of T. parva parva, T. parva
bovis and T. parva lawrencei. Infection and Immunity 58: 3574–3581 (769).
Katende, J.M., Goddeeris, B.M., Morzaria, S.P., Nkonge, C.G. and Musoke, A.J. Identification
of a Theileria mutans specific antigen for use in an antibody and antigen detection ELISA.
Parasite Immunology 12: 419–433 (799).
Kemp, S.J., Tucker, E.M. and Teale, A.J. A bovine monoclonal antibody detecting a class I
BOLA antigen. Animal Genetics 21: 153–160 (783).
Koch, H.T., Kambeva, L., Norval, R.A.L, Ocama, J.G.R., Masaka, S., Munatswa, F.C.,
Honhold, N. and Irvin, A.D. Age resistance to Theileria parva bovis infection in calves.
Veterinary Parasitology 37: 197–206 (934).
Koch, H.T., Kambeva, L., Ocama, J.G.R., Munatswa, F.C., Franssen, F.F.J., Uilenberg, G.,
Dolan, T.T. and Norval, R.A.I. Immunization of cattle against Theileria parva bovis and their
exposure to natural challenge. Veterinary Parasitology 37: 185–196 (933).
Leak, S.G.A., Collardalle, C., Coulibaly, L., Dumont, P., Feron, A., Hecker, P., d'Ieteren, G.D.,
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Board of Directors
Several members of ILRAD's Board of Directors with the ILRAD Directors. From left to right,
Mr. K.F.N. Geerts, ILRAD Director of Administration; Dr. P. Doherty, of St. Jude Children's
Research Hospital, USA; Dr. A.R. Gray, ILRAD Director General; Dr. G. Tacher, Director of
IEMVT, France; Dr. A.S. Sidibé, Coordinator of PARC, Mali; Professor C.C. Wang, of the
University of California at San Francisco, USA; Dr. P.T. Englund, of Johns Hopkins University,
USA; Dr. I.S. Mpelumbe, Director of the Veterinary Consultancy Clinic, Tanzania; Professor I.
Mansson (Board Chairman), of the Swedish University of Agricultural Sciences; Professor
N.O. Nielsen, of the University of Guelph, Canada; and Dr. J.J. Doyle, ILRAD Director of
Research.
Holding positions as of 31 December 1990.
Professor I.A. Abdulkadir
Executive Secretary of the National, Universities Commission
Lagos, Nigeria
Dr. P. Doherty
Department of Immunology, St Jude Children's Research Hospital
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Memphis, Tennessee, USA
Dr. P.T. Englund
Department of Biological Chemistry,
Johns Hopkins University School of Medicine
Baltimore, Maryland, USA
Dr. A.R. Gray
Director General of the International Laboratory for Research on Animal Diseases,
Nairobi, Kenya
Professor I. Månsson (Board Chairman)
Department of Veterinary Microbiology
College of Veterinary Medicine
Swedish University of Agricultural Sciences
Uppsala, Sweden
Dr. I.S. Mpelumbe
Director of the Veterinary Consultancy Clinic
Dar es Salaam, Tanzania
Dr. W.K. Ngulo
Director of Research
Ministry of Research, Science and Technology
Nairobi, Kenya
Professor N.O. Nielsen
Dean of Ontario Veterinary College
University of Guelph
Ontario, Canada
Dr. A.S. Sidibé
Coordinator of the Pan African Rinderpest Campaign
Inter-African Bureau of Animal Resources
Organization of African Unity
Bamako, Mali
Dr. G. Tacher
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Director of Institut d'Elevage et de Médecine Vétérinaire des Pays Tropicaux
Maisons-Alfort, France
Dr. J.P.O. Wamukoya
Director of Veterinary Services
Ministry of Livestock Development
Nairobi, Kenya
Professor C.C. Wang
Department of Pharmaceutical Chemistry
University of California at San Francisco
San Francisco, California, USA
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Senior Staff
Scientific staff members at ILRAD in 1990 came from total of 17 countries, icluding 5 African
and 8 European countries,America, Australia,Canada and Japan.
Holding positions during all or part of 1990.
 Administration
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A.R. Gray
     Director General
K. F. Geerts
     Director of Administration
J.J. Doyle
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     Director of Research
B.C. Lloyd
      Financial Controller
G. Migwi
     Chief Personnel Officer
M.A. Craig
     Business Manager
M. W. Holt
    Chief Engineer
M.N. Kanyi
    Principal Administrator
M.A. Lobo
    Electronics Engineer
F.N. Matee
   Purchasing Officer
G. Mzera
   Stores Superintendent
A. Mathenge
   Security Officer
C. Ndungi
   Transport Officer
F. Gicheru
   Catering Officer
J. Owino
    Housing Officer
 Lab 1 Biochemistry and Parasitology of Trypanosomiasis
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P.R. Gardiner
Senior Scientist/
Laboratory Coordinator
D.J. Grab
Scientist
J.D. Lonsdale-Eccles
Scientist
J.A. Kornblatt
Visiting Scientist
T. W. Pearson
Visiting Scientist
D. Zilberstein
Visiting Scientist
D. Nandan
Post-Doctoral Fellow
A.S. Peregrine
Post-Doctoral Fellow
G.W.N. Mpimbaza
Research Associate
T. Aboagye-Kwarteng
Senior Research Fellow
M. Dirie
Senior Research Fellow
G. Abebe
Research Fellow
B. Burleigh
Senior
file:///C|/Users/dhmichael/Desktop/fulldoc_html/Ilrad90/Senior.htm[5/19/2016 4:30:43 PM]
Research Fellow
V. Codjia
Research Fellow
A. Ibitayo
Research Fellow
M. Mamman
Research Fellow
Z. Mbawa
Research Fellow
O. Tosomba
Research Fellow
A. Adema
Laboratory Technician
S. arap Kemei
Laboratory Technician
D. Ndegwa
Laboratory Technician
R. Thatthi
Laboratory Technician
Y. Verjee
Laboratory Technician
 Lab 2 Biochemistry and Molecular Biology
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O. K. ole-MoiYoi
        Senior Scientist/Laboratory Coordinator
K. Iams
Scientist
P.A.O. Majiwa
Scientist
N.B. Murphy
Scientist
V. Nene
Scientist
N. Citri
Visiting Scientist
T. Tsukamoto
Visiting Scientist
P. Leegwater
Visiting Scientist
B.C. Ricard
Visiting Scientist
R. Pelle
Post-Doctoral Fellow
E. Gobright
Research Associate
M. Macklin
Research Associate
J. Nyeko
Senior Research Fellow
W. Endege
Research Fellow
H.R. Jamnadass
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Research Fellow
A. Kairo
Research Fellow
G. Ndoutamia
Research Fellow
M. Kibe
Laboratory Technician
E.O. Omolo
Laboratory Technician
P. Pandit
Laboratory Technician
J. Osaso
Laboratory Technician
S. Wasike
Laboratory Technician
 Lab 3 Cell Biology
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Senior Scientist/Laboratory Coordinator
W.R. Fish
Scientist
R. Kaminsky
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Scientist
Y. Yabu
Visiting Scientist
LD. Gumm
Research Associate
K. Hirumi
Research Associate
D.S. Kitosi
Research Fellow
W. Kitungu
Research Fellow
F. Chuma
Laboratory Technician
C. W. Muriuki
Laboratory Technician
A. M. Muthiani
Laboratory Technician
J.R. Wando
Laboratory Technician
 Lab 4 Immunobiology
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D.J.L. Williams
Scientist/Laboratory Coordinator
E. Authie
Scientist
E.J. Bienen
Scientist
L.L. Logan-Henfrey
Scientist
J.N. Flynn
Post-Doctoral Fellow
M. Sileghem
Post-Doctoral Fellow
M.J. Kornblatt
Visiting Scientist
J. Naessens
Visiting Scientist
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D. Reduth
Visiting Scientist
L. Gaidulis
Research Associate
J. Magondu
Research Associate
J. Newson
Research Associate
D.C.W. Russo
Research Fellow
F.A. McOdimba
Laboratory Technician
F. Mucheru
Laboratory Technician
B.G. Muchiri
Laboratory Technician
P. Muiya
Laboratory Technician
D.K. Muteti
Laboratory Technician
J. Nthale
Laboratory Technician
M.O. Opollo
Laboratory Technician
R. Saya
Laboratory Technician
K. Tikolo
Laboratory Technician
 Lab 5 Parasitology and Epidemiology of Theileriosis
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T.T. Dolan
Senior Scientist/Program Coordinator
A.J. Musoke
Senior Scientist/
Laboratory Coordinator
S.B. Morzaria
Senior Scientist
R. Bishop
Post-Doctoral Fellow
T. Imada
Visiting Scientist
S. Inumaru
Visiting Scientist
C. Nkonge
Research Associate
P.R. Spooner
Research Associate
P.M. Rwambo
Senior Research Fellow
M. Butera
Research Fellow
E.N. Kimbita
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Research Fellow
J.N. Gachanja
Laboratory Technician
L.K. Juma
Laboratory Technician
J. Kiarie
Laboratory Technician
D.O. Lugo
Laboratory Technician
T. Ndolo
Laboratory Technician
R. Njamunggeh
Laboratory Technician
S. Njuguna
Laboratory Technician
B. Sohanpal
Laboratory Technician
S. Wanyonyi
Laboratory Technician
 Lab 6 Cellular Immunology and Pathology
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Scientist/
Laboratory Coordinator
P.G. Toye
Scientist
E.A. Innes
  Post-Doctoral Fellow
M.G. Juarrerro
   Post-Doctoral Fellow
A. Bensaid
   Visiting Scientist
G. Lamb
    Research Associate
N.D. MacHugh
    Research Associate
P.S. Gwakisa
    Senior Research Fellow
A. Diane
    Research Fellow
H. Pereira
     Research Fellow
E.L.N. Taracha
    Research Fellow
E.O. Awino
    Laboratory Technician
S.A. Kaushal
    Laboratory Technician
J.K. Mburu
     Laboratory Technician
F. Mbwika
      Laboratory Technician
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D.N. Ngugi
       Laboratory Technician
J.K. Nyanjui
       Laboratory Technician
M. Waithaka
Laboratory Technician
 Lab 7 Parasitology and Epidemiology of Trypanosomiasis
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A.J. Teale
Senior Scientist/Laboratory Coordinator/Program Coordinator
V.M. Nantulya
Senior Scientist
S.J. Kemp
Scientist
R. Masake
Scientist
L. Brezinsky
Post-Doctoral Fellow
R. Suzuki
Visiting Scientist
J.M. Katende
Research Associate
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S.G.A. Leak
Research Associate
S.H. Minja
Research Associate
K. Bosompen
Research Fellow
A. Jaye
Research Fellow
D. Kihurani
Research Fellow
V.O. Taiwo
Research Fellow
R. Waihenya
Research Fellow
H. Gathuo
Laboratory Technician
J. Makau
Laboratory Technician
J. Mwakaya
Laboratory Technician
J.E. Ngatti
Laboratory Technician
J.T. Njuguna
Laboratory Technician
M. Omenya
Laboratory Technician
J.A. Sore
Laboratory Technician
J.M. Wambugu
Laboratory Technician
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 Epidemiology and Socioeconomics Program
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B.D. Perry
Senior Scientist/Program Coordinator
J.J. Curry
Scientist
A. W. Mukhebi
Scientist
J. Delehanty
Visiting Scientist
R.L. Kruska
Research Associate
 Electron Microscopy
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M.K.Shaw
Scientist/ Unit Head
L.G. Tilney
Visiting Scientist
 Tsetse Laboratory
S.K. Moloo
Senior Scientist/ Unit Head
N.N. Gitire
Laboratory Technician
F. Kaaria
Laboratory Technician
J. Kabata
Laboratory Technician
N. Kuria
Laboratory Technician
C. Lugonzo
Laboratory Technician
I. Okumu
Laboratory Technician
 Tick Laboratory
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A.S. Young
      Scientist/ Unit Head
F.N. Mwakima
     Research Associate
S. Mwaura
     Laboratory Technician
G. Njihia
       Laboratory Technician
M. Waithaka
Laboratory Technician
 Central Core Unit
C. Hinson
Research Associate/
Radiation Safety Officer
 Experimental Animal Units
R.C. King
         Research Associate/ Unit Head
J.D. Kennedy
        Scientist/ Veterinarian
S.J. Kimani
         Farm Manager/ Kabete
P.K. Ngeno
Ranch Manager/
Kapiti Plains Estate
Biostatistics and Computing Services Unit
J.R. Scott
Research Associate
 Cooperative Programs, Training and Information Department
Senior
file:///C|/Users/dhmichael/Desktop/fulldoc_html/Ilrad90/Senior.htm[5/19/2016 4:30:43 PM]
Senior
file:///C|/Users/dhmichael/Desktop/fulldoc_html/Ilrad90/Senior.htm[5/19/2016 4:30:43 PM]
M. Touré
Department Head
J.K. Lenahan
Training and Outreach Officer
S. MacMillan
Scientific Writer/ Editor
W. Umbima
Librarian
D. Elsworth
Scientific Photographer/
Graphic Arts Supervisor
K.N. Nguli
Assistant Training Officer
 Wildlife Diseases Project
J.G. Grootenhuis
Senior Scientist
N'dama Trypanotolerance Project
R.H. Dwinger
Scientist
R.C.I. Mattioli
Scientist
A.S. Grieve
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Financial Statements
The Financial Department
Certified Public
Accountants
Rattansi Educational Trust
Building
Telephone 221244
 Koinange Street Telecopier (254-2) 335937
 PO Box 41968 Telex 22140 CHUNGA
 Nairobi Kenya Cables PRICEWATER
 Price Waterhouse
Report to the Directors of the International Laboratory for Research on Animal
Diseases (ILRAD)
We have reviewed the abridged financial statements set out in Table A1 to A4, which contain
information extracted from the accounting records of ILRAD for the years ended 31 December
1989 and 1990.
We confirm that the information set out in the abridged financial statements is consistent with
that contained in the audited financial statements for the years ended 31 December 1989 and
1990, on which we expressed an unqualified opinion.
Certified Public Accountants
Financ
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15 July 1991
Table A1. Summary costs by program and activity (US$ thousands).
 1990 1989
OPERATIONS
Research
Parasitology—Trypanosomiasis 579 482
Biochemistry 784 602
Cell Biology 562 576
Immunobiology 607 420
Parasitology—Theileriosis 667 620
Pathology 435 650
Immunoparasitology 758 681
Tsetse Laboratory 249 292
Tick Laboratory 115 149
Electron Microscopy 110 145
Epidemiology and Socioeconomics 382 315
International Trypanotolerance Centre, Gambia 146 160
Research subtotals 5,394 5,092
Research Support
Office of Director of Research 823 608
Farm Animal Production 556 601
Laboratory Animal Production 148 153
Radioisotope and Central Core Services 520 427
Research Support subtotals 2,047 1, 789
Training and Conferences 1,206 1,133
Library and Information Services 555 427
Administration   
Board of Directors 150 150
Office of the Director General 488 434
Finance 371 376
Personnel 154 107
Purchasing 532 394
Administration subtotals 1,695 1,461
General Operations   
Engineering 880 749
Transport 176 156
Services 333 276
Food and Housing 38 15
Stores 57 53
General Operations subtotals 1,484 1,249
Total Operations 12,381 11,151
Table A2. Summary of core operating funds from donors (US$ thousands).
Financ
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 1990 1989
Unrestricted and Restricted Funds from Donors
Unrestricted Funds from Donors
World Bank 2,800 2,420
United States Agency for International
Development
1,985 2,100
United Kingdom 1,086 1,242
Canadian International Development Agency 900 880
Germany 728 752
Switzerland 688 759
Sweden 470 466
Japan 434 500
Netherlands 410 388
Norway 302 296
Belgium 280 205
African Development Bank 250 225
Finland 248 245
France 192 154
Denmark 152 120
Italy 86 218
India 25 25
Unrestricted Funds from Donors subtotals 11,036 10,995
Restricted Funds from Donors   
   United Nations Development Programme 797 738
   Italy 350 500
   Rockefeller Foundation 334 407
   Belgium 250 206
   Japan 150 150
   European Economic Community for the ITC,   
Gambia
146 167
  Australia 117 96
  Restricted Funds from Donors subtotals 2,144 2,264
Total Unrestricted and Restricted Funds from
Donors
13,180 13,259
Table A3. Summary of sources and application of funds (US$ thousands).
 1990 1989
Sources
Core Operating Funds
Unrestricted Funds from Donors 11,036 10,995
Restricted Funds from Donors 2,144 2,264
Earned Income Applied in the Year 516 306
Exchange Gain on Donations 414 184
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Unexpended Balance from Previous Year 398 351
Total Sources 14,508 14,100
Applications
Core Operations 12,381 11,151
Capital Funds 1,257 1,131
Transfer to Working Funds 270 1,320
Transfer to Capital Development Fund 100 100
Unexpended Balance Carried Forward 500 398
Total Applications 14,508 14,100
Table A4. Balance sheet as at 31 December 1990 (US$ thousands).
 1990 1989
Assets
Fixed Assets
Land and Buildings 12,431 12,203
Research Equipment 8,040 7,174
Other Assets 2,826 2,482
Subsidiary Company
Investment 1, 786 1, 786
Long-Term Loan 30 30
Fixed Assets subtotal 25,113 23,675
Revolving Fund 100 100
Capital Development Fund 292 192
Net Current Assets 3,313 2,941
Total Assets Employed 28,818 26,908
Fund Balances
Capital Fund 25,113 23,675
Working Capital 2,813 2,543
Unrestricted Core Surplus 500 398
Revolving Fund 100 100
Capital Development Fund 292 192
Total Funds 28,818 26,908
